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PREFACE

The Millers River watershed has a drainage area of 392 square miles
and is located in north-central Massachusetts with a small portion

in southwestern New Hampshire. The flood control plan for the water-
shed described in this manual includes two dams and reservoirs, namely
Birch Hi11 Dam and Tully Lake, and a local protection project at
Gardner, Massachusetts. Birch Hi1l Dam is locaed in the southeastern
part of Royalston, Massachusetts and Tully Lake is in the southwestern
corner of the same town.

This Appendix of the Connecticut River Master Regulation Manual in-
cludes a description of the basin; hydrologic, climatological and
flood data, along with project descriptions and regulation procedures
for all Corps projects. In addition to setting forth a method of res-
ervoir regulation, the manual will serve as a reference source for
future studies.

The manual is divided into seven chapters: Introduction, Management,
Hydrometeorology, Communications, Hydrologic Forecasts, Reservoir
Regulation and Hydrologic Equipment. The setup of chapters allows the
reader to obtain desired general background information on any partic-
ular aspect of each project.

Pertinent data on the hydrologic information of the watershed, Birch
Hi11 Dam and Tully Lake are shown on pages i, ii and iii, respectively,
at the front of the manual.

The chapter on Reservoir Regulation contains detailed procedures and
information necessary for regulating thke pmotective works to provide
protection for downstream communities on the Millers and Connecticut
Rivers.
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PERTINENT DATA
MILLERS RIVER WATERSHED
HYDROLOGIC INFORMATION

DRAINAGE AREA Square Miles
MATN STEN - MILLERS RIVER
~ Near Winchendon, Mass. (USGS Gage) 83.0
At Birch Hill Dam 175
At South Royalston, Mass. (USGS Gage) 187
At Exchange Street Bridge, Athol, Mass. 206
At Main Street Bridge, Athol, Mass. 280
At Main Street Bridge, Orange, Mass. 316
At Erving, Mass. (USGS Gage) 375
At Mouth 392
TRIBUTARIES
a rook near Winchendon, Mass. (USGS Gage) 18.2
Priest Brook near Winchendon, Mass. (USGS Gage) 19.4
Otter River at Otter River, Mass. (USGS Gage) 34.2
Otter River at Mouth 60
East Branch Tully River at Tully Lake 50
East Branch Tully River near Athol, Mass. (USGS Gage) 50.4
Tully River at Mouth 74
Lake Rohunta Outlet near Athol, Mass. (USGS Gage) 20.3
Moss Brook at Wendell Depot, Mass. (USGS Gage) 12.3
Birch Hill Dam Tully Lake Turners Falls
Massachusetts Massachusetts Massachusetts
TEMPERATURE (Degrees F.) (Degrees F.) (Degrees F.)
Mean Annual 46.0 47.9 45.3
Maximum Recorded 99 (Aug) 104  (July) 100 (July)
Minimum Recorded -34 (Jan) -30 (Feb) -29 (Jan)
Years of Record 22 74 21
(Through 1970)
PRECIPITATION Winchendon Birch Hi11 Dam Tully Lake Turners Falls
Massachusetts Massachusetts Massachusetts Massachusetts
inches (inches) . (inches) {(inches)
Mean Annual 41.69 37.52 41.07 40.32

59.98 (1938)
28.26 (1965)

Maximum Annual
Minimum Annual

50.49 (1960)
25.91 (1965)

55.18 (1938)
27.66 (1894)

54.28 (1951)
27.67 (1964)

Years of Record 77 22 21 n
(Through 1970)
WATER EQUIVALENT IN SNOW COVER (Entire Watershed)
1950 - 1972
Mean Maximum Minimum
(inches) {inches) (inches)
1 February 2.0 4.2 0.3
15 February 2.5 5.6 0.0
1 March 3.4 7.6 0.0
15 March 3.6 7.7 0.0
1 April 2.3 8.2 0.0
15 April 0.4 4.9 0.0
US6S GAGES Period of Record

Tarbell Brook near Winchendon, Mass.
Millers River near Winchendon, Mass.
Priest Brook near Winchendon, Mass.

Otter River at Otter River, Mass.

Millers River at South Royalston, Mass.
East Branch Tully River near Athol, Mass.*
Lake Rohunta Ouflet near Athol, Mass.

Moss Brook at Wendell Depot, Mass.

Millers River at Erving, Mass.

May 1916 - To Date
Jun 1916 - To Date
May 1916 - To Date
Dec 1964 - To Date
Jul 1939 - To Date
Oct 1915 - To Date
Dec 1964 - To Date
Jun 1916 - To Date
Aug 1914 - To Date
*Gaging station relocated 300 feet downstream of Tully Lake on
26 October 1948 (prior location 0.2 mile upstream from present location.)

Priest Brook

Millers River

East Branch Millers River

near Winchendon at South Royalston Tully River at Erving

Massachusetts Massachusetts near Athol, Mass. Massachusetts
FLOW RECORDS Date Flow (cfs) Date Flow {cfs) Date Flow (cfs Date Flow (cfs]
Minimum Average Daily 4-8 Sep 29 0.08 4 Aug 56 9.3 7-10 Nov 61 0.01 6 Sep 26 8
Minimum Average Monthly Sep 64 0.29 Sep 64 20 Sep 64 1 Aug 66 43
Minimum Average Annual 1965 8.2 1965 102 1965 23 1965 196
Maximum Average Daily 21 Sep 38 2,280 13-14 Apr 40 3,890 21 Sep 38 3,650 22 Sep 38 22,000
Maximum Average Monthly Apr 40 225 Apr 40 1,850 Apr 40 528 Mar 36 3,989
Maximum Average Annual 1928 55.0 1960 490 1928 140 1938 1,012
Maximum Instantaneous 21 Sep 38 3,000 13 Apr 40 4,400 21 Sep 38 5,140 22 Sep 38 29,000
Averagg Discharge 32 304 80 610
PEAK FLOWS

riest Brook Millers River East Branch, Tully River Millers River

Near Winchendon, Mass. at South Royalston, Mass. Near Athol, Mass. at Erving, Mass.
Date c.f.s. c.s.m. Date c.f.s. c.s.m. Date c.f.s. c.s.m. Date c.f.s. c.s.m.
21 Sep 38 3,000 155 13 Apr 40 4,400 24 21 Sep 38 5,140 102 22 Sep 38 29,000 78
18 Mar 36 1,840 95 25-26 Jun 44 2,830 15 18-19 Mar 36 3,700 73 19 Mar 36 19,700 53
4 Nov 27 1,000 52 10 Mar 42 2,630 14 4 Nov 27 1,970 39 13 Apr 40 7,000 19
6 Apr 60 740 38 22 Mar 48 2,540 13 13 Apr 40 1,650 33 28 Mar 20 6,020 16
ANNUAL RUNOFF
Priest Brook Millers River East Branch, Tully River Millers River
Near Winchendon, Mass. at South Royalston, Mass. Near Athol, Mass. at Erving, Mass.
©f.s. inches Water Year <c.f.s. inches Water Year <c.f.s. inches Water Year c.f.s. inches — Water Year
Mean 32 22.74 (53 Years) 3.04 22.10 (31 Years) 80 21.49 (54 Years) 610 22.18 (56 Years)
Max{mum 55 39.86 1928 490 35.63 1960 140 38.10 1928 1,012 37.14 1938
Minimum 8.2 5.73 1965 102 7.39 1965 23 6.18 1965 196 7.08 1965
FLOOD ROUTING COEFFICIENTS Routing River Miles
Reach Coefficient Between Points
Birch Hi11 Dam to Main Street Bridge, Athol, Mass. 3/2 (3 hr) 9.8
Tully Lake to Main Street Bridge, Athol, Mass. 3/1 (3 hr) 5.0
Main Street Bridge, Athol, Mass. to
Main Street Bridge, Orange, Mass. - 5.0
Main Street Bridge, Athol, Mass. to
Mouth of Millers River 7/3 (3 hr) 18.6
Mouth of Millers River to Montague City, Mass. 3/1 (6 hr) 7.2
HIGH FLOW TRAVEL TIMES
: Total Hours From Dam
Birch Hill Dam Tully Lake
Main Street Bridge, Athol, Mass. 4-5 2-3
Mouth of Millers River 13-15 11-13
Montague City, Mass. 16-19 14-17



LOCATION
DRAINAGE AREA 175 square miles
STORAGE USES Flood Control

RESERVOIR STORAGE

Elevation

(ft msT)
Inlet Elevation 815.0
Spillway Crest 852.0
Maximum Surcharge 859.0
Top of Dam 864.0

EMBANKMENT FEATURES

Type

Length (feet)

Top Width (feet)

Top Elevation (ft msl)
Maximum Height (feet)
Volume (cubic yards)
Dike

SPILLWAY

Location

Type

Crest Length (feet)

Crest Elevation (ft ms1)

Maximum Surcharge (ft above crest)
Maximum Discharge Capacity (cfs)

SPILLWAY DESIGN FLOOD

Peak Inflow (cfs)
Peak Outflow (cfs)
Volume Runoff (acre-feet)

OUTLET WORKS

Type

Tunnel Inside

Tunnel Length (feet)

Service Gate Type

Size

Emergency Gate Type

Size

Downstream Channel Capacity (cfs)
Maximum Discharge Capacity
Spillway Crest Elevation {cfs)
Stilling Basin

LAND ACQUISITION

Fee Elevation (ft msl)

Fee (acres)

Easement (acres)

Clearing Elevation (ft msl1)

MAXIMUM POOL OF RECORD

Date

Stage {feet)

Elevation (ft msl)

Percent Full
UNIT RUNOFF

One Inch Runoff (acre-feet)
OPERATING TIME

Open/Close All Gates

PROJECT COST (THROUGH FY 71)

DATE OF COMPLETION
MAINTAINED BY

PERTINENT DATA
BIRCH HILL DAM

Millers River, Royalston, Massachusetts

Capacity
Inches on
Stage Area Acre-Feet Drainage Area
(fti (acres)
0 0 0 0
37 3,200 49,900 5.3
44 4,000 76,000 8.1

49

Rolled earth fill, rock slope protection, impervious core
1,400

359,000
None

About 1,900-2,400 feet northwest of the dam
Uncontrolled, ogee weir, chute spillways
1,190 feet (total) consisting of 810, 350 and 30 foet sections
852.0
7.0 (elevation 859 feet ms1)

56,600
Original Design 1967
1940 Analysis
59,000 88,500
56,600 74,100
193,000 159,500

4 rectangular conduits, each 6'-0" wide x 12'-0" high
Size 6'-0" wide x 12'-0" high
34
Electrically operated gear-driven slide
Four 6'-0" wide x 12'-0" high
Crane operated slide
One, 6'-0" wide x 12'-0" high
2,800

10,500
None

852
4,394
253
None

8 April 1960
25.0

840.0
40

9,335

Each gate at speed of about 1 foot per minute
$4,576,600

February 1942

New England Division, Corps of Engineers

Recreation facilities operated and maintained by
Massachusetts Department of Natural Resources
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PERTINENT DATA
ULLY LAKE

LOCATION East Branch Tully River, Royalston, Massachusetts
DRAINAGE AREA 50 square miles
STORAGE USES Flood Control and Recreation

RESERVOIR STORAGE Capacity
Tnches on
Elevation Sta Area Acre-Feet Drainage Area
t s (7ti (acres)
Inlet Elevation 625.0 0 0 0
Winter Pool 636.0 1 78 525 2
Recreation Pool 641.0 16 300 1,500 0.6
Spillway Crest 668.0 43 1,130 20,500 §net; 7.7 gnet)
Maximum Surcharge 678.8 53.8 1,360 13,800 (net 5.1 (net)
Top of Dam 684.0 59
EMBANKMENT FEATURES
Type Rolled earth fill, rock slope protection, impervious core
Length (feet) 1,570
Top Width (feet) 30
Top Elevation (ft mst) 684.0
Maximum Height (feet) 62
Volume (cubic yards) 185,000
Dike None
SPILLWAY
Location About 800 feet southeast of left abutment of dam

Type Uncontrolled, ogee weir, chute, saddle spillway
Crest Length (feet) 255

Crest Elevation (ft msl) 66870
Maximum Surcharge (ft above crest) 10.8 (Elevation 678.8 feet msl)
Maximum Discharge Capacity (cfs) 32,700
SPILLWAY DESIGN FLOOD
Original Design 1967
__de4  Analysis
Peak Inflow (cfs) 40,000 47,000
Peak Outflow (cfs) 32,700 39,000
Volume Runoff (acre-feet) 41,900 44,300
OUTLET WORKS
Type One circular tunnel
Tunnel, Inside Diameter {ft) 6
Tunnel Length (feet) 274
Service Gate Type Electrically operated gear-driven slide
Size Two, 3'-6" wide x 6'0" high
Emergency Gate Type Crane operated slide
Size One, 4'-0" wide x 10'0" high
Downstream Channel Capacity (cfs) 825
Maximum Discharge Capacity
Spillway Crest (cfs) 1,030
RECREATION POOL
Type of Structure None (pool level controlled by service gates)
Recreation Pool Stage (feet) 16
Area (acres) 300
Shoreline Length (feet) 32,000
LAND ACQUISITION
Fee Elevation (ft msl) 668
Fee (acres) 1,300
Easement Elevation (ft msl) 668
Easement (acres) 4
Clearing Elevation (ft msl) 641
MAXIMUM POOL RECORD
Date 8 April 1960
Stage (feet) 32.3
Elevation (ft msl) 657.3
Percent Full 51
UNIT RUNOFF
One Inch Runoff (acresfeet) 2,665
OPERATING TIME
Open/Close All Gates Each gate at speed of about 1 foot per minute
PROJECT COST (THROUGH FY 71) $1,551,600
DATE OF COMPLETION September 1949
MAINTAINED BY New England Division, Corps of Engineers

Recreation facilities operated and maintained by
Massachusetts Department of Natural Resources
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MANUAL OF RESERVOIR REGULATION
MILLERS RIVER WATERSHED
NEW HAMPSHIRE AND MASSACHUSETTS

CHAPTER I
INTRODUCTION

1. REGULATION MANUAL

a. Authorization. This report is prepared pursuant to authority
contained in ER 1110-2-240, dated 22 April 1970, Reservoir Regulation)
and EM 1110-2-3600, dated 25 May 1959, which requires that manuals of
reservoir regulation for flood control, navigation or multipurpose res-
ervoirs be prepared whenever storage allocated to one or more of the
functions is the responsibility of the Corps of Engineers. Requirements
given in the draft of "A Guide for Preparing Water Control Manuals for
Lakes, Reservoirs, Locks and Dams, Hurricane Barriers, Reregulating
Structures, Controlled Channels and Floodways, Office, Chief of Engi-
neers," January 1973, were followed in the preparation of this manual.

b. Purpose and scope. This manual will serve as a guide and ref-
erence source for higher authority, reservoir regulation and maintenance
personnel in the New England Division Office, respective project managers
and other personnel who may become concerned with, or responsible for,
regulation of the reservoirs in the Millers River watershed. Included
in the manual are the following chapters:

(1) Introduction. A brief history of flood problems and studies
which led to the authorization of the Millers River watershed flood con-
trol projects, including statistical data relative to population, in-
dustry and agriculture, and a description of the physical features of
all Corps projects.

(2) Management. A general description of the functional
responsibilities of the Corps in regard to regulation of the projects,
with a listing of all interagency coordinating agreements.

(3) Hydrometeorology. A general description of the watershed
and major tributaries, including topographic features and a general
coverage of the hydrologic and meteorologic data, i.e., temperature,
precipitation, snowfall, snow cover, storms, streamflow and floods.




(4) Communications. A brief description of the means of
reporting from field to office such as used by the project managers
during non-flood and flood periods, and of the river reporting net-
work and Automatic Hydrologic Radio Reporting System.

(5) Hydrologic Forecasts. A description of all forecasts
used by Reservoir Control Center personnel in regulating the projects
in the basin, 1nc1ud1ng precipitation forecasts from the National
Weather Service, river predictions from the River Forecast Center at
Hartford and from the Corps.

(6) Reservoir Regulation. A detailed discussion of the reg-
ulation procedures and watershed flood control plan for the two existing
flood control dams.

(7) Hydrologic Equipment. A brief resumé of hydrologic equip-
ment used and means of maintaining it.

c. Related manuals. Routine operations and maintenance activities
at Birch Hill Dam and Tully Lake are performed by the project managers
under the supervision of the Reservoir Branch of the Operations Division
which prepared the following manuals.

(1) Birch Hi1l Dam. Birch Hill Dam, Operation and Maintenance
Manual, June 1972, was prepared by the Reservoir Branch of the Opera-
tions Division. The manual gives the essential operation and mainte-
nance instructions to operating personnel for the upkeep, repair,
maintenance and operation of project facilities.

(2) Tully Lake. Tully Lake, Operation and Maintenance Manual,
June 1972, was prepared by the Reservo1r Branch of the Operations Div-
ision. The manual gives the essential operation and maintenance in-
structions to operating personnel for the upkeep, repair, maintenance
and operation of project facilities.

2. PROJECT DESCRIPTIONS

a. Location. The Millers River watershed (plate F-3) is located
in north-central Massachusetts with a small portion extending into
southwestern New Hampshire. Plates F-1 and F-2 show the upper and
lower Connecticut River basin, respectively.

(1) Birch Hill Dam. The dam is located in Royalston, Mas-
sachusetts on the Millers River about 6 miles northeast of Athol,




and about 28.4 river miles above the confluence of the Millers and
Connecticut. The reservoir area at spillway crest lies in Worcester
County, Massachusetts, in the towns of Winchendon, Templeton and
Royalston.

(2) Tully Lake. The dam is also located in Royalston on the
East Branch Tully River, about 3 miles north of Athol, and 23.6 river
miles above the confluence of the Millers and Caonecticut. The res-
ervoir area at spillway crest 1ies mostly in Royalston with a small
portion in Athol.

b. Purpose. Both Birch Hill Dam and Tully Lake are operated to
reduce flood stages at Athol, Orange and other communities on the Millers
River and, in conjunction with others in the reservoir system to reduce
downstream flood stages along the Connecticut River. In addition,

water based recreational activities are utilized at both projects.

c. Physical components.

(1) Birch Hi1l Dam. The important physical components shown on
plate F-57 consist of a rolled earth dam with a dumped rock shell,
chute spillway composed of three concrete ogee weirs, outlet works
and storage for flood control.

The dam embankment, about 1,400 feet in length and maximum height
of 56 feet above the streambed, consists of compacted earth fill with
an impervious core and rock slope protection and is shown on plate F-6.
The top of dam at elevation 864 feet ms1 provides 7 feet of spillway
surcharge and 5 feet of freeboard. The top width of 25 feet accommo-
dates a 20-foot paved access road and the embankment slopes vary from
1 on2to1l onb.

The spillway consists of three concrete ogee weirs with a total
length of 1,190 feet. The main spillway has a length of 810 feet and
is located in a natural saddle about 1,900 feet northwest of the dam.
One auxiliary spillway, 350 feet in length, is located in a natural
saddle and the other, 30 feet long, is located in an abandoned rail-
road cut about 2,400 feet northwest of the dam. Plan, profile and
cross sections of the spillways are shown on plate F-7.

The outlet works at the right abutment of the dam consists of a
1,500-foot long intake channel, a gate structure with a gatehouse
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directly above, and an outlet channel 1,150 feet in length. The out-

let works are controlled by four 6'-0" x 12'-0" electrically operated
slide gates. Plan and sections of the outlet works are shown on plate

F-8.

The reservoir, operated for flood control purposes, has a storage
capacity of 49,900 acre-feet, equivalent to 5.3 inches of runoff from
its drainage area of 175 square miles. When filled to spillway crest,
as shown on plate F-4, a 3,200-acre lake would be created with a maximum
depth of 37 feet.

A total of 4,394 acres of reservoir land has been acquired in fee;
it is comprised of the 82-acre Lake Denison, 200-acre Lake Dennison
camping area and 4,112 acres of wild upland forest. The Lake Dennison
recreation area, with facilities for boating, fishing, swimming, camping
and related outdoor sports is operated and administered by the Massa-
chusetts Department of Natural Resources, Division of Forests and Parks.
The remaining reservoir area is managel by the Massachusetts Division
of Fisheries and Game for public hunting and fishing.

(2) Tully Lake. The important physical components shown on
plate F-58 consist of a rolled earth dam with a dumped rock shell, a
chute spillway composed of a concrete ogee weir, outlet works and
storage capacity for flood control and recreation.

The dam embankment, about 1,570 feet in length and maximum height
of 62 feet above the streambed, consists of compacted earth fil1l with
an impervious core and rock slope protection and is shown on plate F-9.
The top of dam at elevation 684 feet ms1 provides 10.8 feet of spill-
way surcharge and 5.2 feet of freeboard. The top width of 30 feet
accommodates a 20-foot paved access road and the embankment slopes
vary from 1 on 2.5 to 1 on 8.

The spiliway, consists of a low concrete ogee weir, 255 feet long,
which is Tocated in a saddle about 800 feet southeast of the left abutment
of the dam. The spillway approach channel is 600 feet in length and the
chute-type discharge channel is 1,775 feet long. The plan, profile and
cross sections of the spillway are shown on plate F-10.

The outlet works at the east abutment of the dam consist of a
500-foot long intake channel, a gate structure with a gatehouse di-
rectly above, a 6-foot inside diameter concrete tunnel 274 feet long
through rock and an outlet channel 580 feet in length. The outlet
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works are controlled by two 3'-6" x 6'-0" electrically operated slide
gates. Plan, profile and cross sections of the outlet works are
shown on plate F-11.

The reservoir has a total storage capacity of 22,000 acre-feet,
equivalent to 8.3 inches of runoff from its drainage area of 50 square
miles. Of this total capacity, 20,500 acre-feet (7.7 inches) is for
flood control and 1,500 acre-feet (0.6 inch) for a summer recreation
pool. The recreation pool is maintained at a depth of approximately
16 feet, creating a 300-acre pool, which is shown on plate F-5. It
is established each spring after snowmelt occurs and held until mid-
September when it is drawn down to about an 11-foot stage. At spill-
way. crest a pool with a maximum depth of 43 feet and an area of 1,140
acres would be created. A Ticense has been issued to the Massachusetts
Department of Natural Resources for recreation, fish and wildlife and
forestry management, and it is expected that the State will operate
and administer these facilities by the fall of 1975.

3. HISTORY OF PROJECTS

a. Authorization.

(1) Birch Hi1l Dam. This dam was authorized by the Flood
Control Act approved 22 June 1936 (Public Law No. 738, 74th Congress),
as amended by Public Law No. 111, 75th Congress, approved 25 May 1937
and further amended by Public Law No. 761, 75th Congress, approved
28 June 1938.

' (2) Tully Lake. This project was authorized by the Flood
Control Act approved 22 June 1936 (Public Law No. 738, 74th Congress),
as amended by Public Law No. 111, 75th Congress, approved 25 May 1937
and further amended by Public Law No. 761, 75th Congress, approved

28 June 1938. Future power storage was authorized in a letter dated
16 November 1939 to the Secretary of War, where the Federal Power
Commission proposed a comprehensive plan for future power development
in the Millers River watershed, with Tully Lake as one of the storage
sites.

b. Construction.

(1) Birch Hi11 Dam. Construction was initiated in June 1940,
the project became operational in December 1941 and completed in Feb-
ruary 1942,




(2) Tully Lake. Construction was initiated in March 1947,
the project became operational in January 1949 and completed in
September 1949,

c. Other Corps of Engineers project. The Gardner Local Protec-
tion Project, shown on plates F-12 thru F-19, primarily provides flood
protection to industrial and commercial firms in South Gardner on
Greenwood Brook downstream of Wrights Reservoir and on Mahoney Brook
downstream of Wayside Pond. The project was authorized by Section 205
of the 1948 Flood Control Act, as amended. Construction was started
in August 1964 and completed in October 1965 at a total cost of $528,900.
The city of Gardner operates and maintains the project which includes:

(1) Wrights Reservoir. The reconstruction of Wrights Dam,
which is the grincing’e]ement of the project, consists of a 935-foot
long dam, 60-foot concrete spillway, 970-foot long dike, a permanent
pool which is maintained by a small overflow weir, 27-inch ungated
outlet. The spillway crest at elevation 1,070 feet ms1 is 5.0 feet
above the weir crest. Between these two elevations, there are 850
acre-feet of flood control storage, equivalent to 5.1 inches of run-
off from the 3.2 square mile drainage area. In the summer months,
raising the reservoir level from 1,065 to 1,067 for recreational
purposes, reduces the flood control storage to 560 acre-feet or 3.3
inches.

(2) Wayside Pond consists of a control structure with dike
(320 feet) and 3 pipe culverts at Wayside Pond.

(3) Mahoney Pond - dikes (680 feet), spillway (45 feet) on
Mahoney Pond.

(4) Widening, deepening and realigning critical areas along
700-foot section of Mahoney Brook downstream of Mahoney Pond.

(5) Crib walls on Mahoney Brook at Chelsea Street, Quality
Pad Company dam and the South Main Street railroad bridge.

(6) Removal of channel obstructions on Mahoney Brook at
Traverse Dam.

d. Modification to authorization.

(1) Birch Hi1ll Dam. There are no modifications to authorized
project.




(2) Tully Lake. Tully Lake was originally authorized for
flood control only. In May 1964, a request for approval of inclusion

of a conservation pool for recreational purposes in the flood control
reservoir was made to the Chief of Engineers. This request was the
result of a combined planning effort of NED and the Massachusetts
Department of Natural Resources. Authorization was granted by a
letter from the Chief of Engineers, dated 15 July 1964, with the first
pool maintained during the summer of 1966.

The recreation pool is established following the spring snowmelt,
usually in April, and maintained until mid-September at elevation
641 feet ms1 (stage 16 feet). The pool is roughly circular in shape
with a diameter of about 4,100 feet, a water surface area of 300 acres,
and utilizes 1,500 acre-feet of storage (about 7 percent of the total
storage capacity of the reservoir). A winter pool is maintained at
elevation 636 feet ms1 (stage 11 feet) to prevent the flood control
gates from freezing.

e. Previous reports. House Document No. 455, 75th Congress, 2d
Session, contains a report on survey and comprehensive plan for flood
control in the Connecticut River Valley dated 20 March 1937. Birch
Hill Dam and Tully Lake were included among the 20 reservoirs of the
comprehensive plan, which also recommended dikes at seven cities. The
report was prepared by the Corps of Engineers.

A "Review of Reports on Surveys of the Connecticut River and Trib-
utaries for Flood Control," 28 February 1940, revised 18 December 1944,
was prepared by the Corps of Engineers. Birch Hi1l Dam and Tully Lake
were included among the 29 reservoirs of the revised comprehensive plan
given in this report.

The New England-New York Interagency Committee prepared a report,
"The Resources of the New England-New York Region," dated March 1955
and printed in Senate Document 14, 85th Congress, 1st Session. This
report recommended a comprehensive flood control plan for the Con-
necticut River basin consisting of the completed local protection works,
the five existing reservoirs which included Birch Hi1l Dam and Tully
Lake, and flood control storage in 21 additional reservoirs none of
which were in the Millers River watershed.

The Corps of Engineers' report, "New England Basins, Report on
Flood Control and Allied Purposes," 30 June 1955, presented a compre-
hensive flood control plan for the Connecticut River basin essentially
the same as that given in the NENYIAC Report, March 1955.
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The Gardner Local Protection Detailed Project Report was submit-
ted 30 November 1962 to the Chief of Engineers for approval under
Section 205 of the 1949 Flood Control Act, as amended. It recommended
local flood protection for commercial and industrial firms in South
Gardner in the Millers River watershed, Massachusetts.

A Flood Plain Information Report, Millers River, Orange-Athol,
Massachusetts, authorized under Section 206, Public Law 86-645, was
requested by the Commonwealth of Massachusetts. The report, dated
June 1965, was prepared by Anderson-Nichols & Company, Inc., Consulting
Engineers, Boston, Massachusetts under the direction of NED.

The Comprehensive Water and Related Land Resources Investigation
Connecticut River Basin, June 1970, prepared by the Connecticut River
Basin Coordinating Committee recommended a basinwide flood control
plan and the structural measures consisted of 10 additional Corps of
Engineers reservoirs, modification of four existing Corps reservoirs
to include other water resource uses, 5 additional local protection
projects. Two of these recommendations, namely Gardner Dam and an
operational change at Tully Lake, are in the Millers watershed.

Gardner Dam would be located in Gardner on the Otter River about
10.2 miles above its confluence with the Millers River. Its total
storage capacity would be 12,300 acre-feet, of which 9,500 acre-feet
would be utilized for low flow augmentation for water quality and
the remaining 3,000 acre-feet for a permanent conservation pool. How-
ever, this recommendation is currently inactive.

An operational change in Tully Lake was proposed to increase the
seasonal recreation pool established each spring after the spring run-
off and maintained until mid-September. The augmented recreation pool
would be maintained at elevation 649 feet ms1 (stage 24 feet), water
surface area of 650 acres and would utilize 5,100 acre-feet of storage
(about 23 percent of the total storage capacity of the reservoir) to
supplement the water supply for the Metropolitan District Commission
of Boston. This proposal is also inactive. Several plans for the
diversion of water from the Millers River watershed to Quabbin Reser-
voir were also considered under the Connecticut Comprehensive Report.

f. Principal project problems.

(1) Birch Hi1l Dam. 1In 1966, repairs were made to the eroded
intake channel. Repairs consisted of removing, replacing and reshaping
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riprap on the sides of the channel; earth excavation to create a

berm on the side slopes of the channel; and moving and installing
safety fencing around the top of the slope to the intake channel.
This work occurred over about a 550-foot length of channel.

Three of the four service gate stems (#1, 2 and 3) at Birch Hill
Dam were damaged on 2 February 1973 in attempting to operate the gates
during severe icing conditions. Gate stems #1 and 3 became severely
bent while stem #2 was severed. As of this writing, gates 1 and 4
are operational, and the replacement of all three damaged stems is
scheduled to begin in May 1974.

On 18 April 1973, approximately 300 cubic yards of rock fell from
the Teft side of the outlet channel about 200 feet downstream of the
gatehouse at Birch Hill Dam. This collapse resulted in a partial
blockage of the discharge channel. Remedial work, consisting of
using the rock to fill a depression located in the outlet channel,
approximately 400 feet downstream of the gatehouse, was completed
in October 1973.

(2) Tully Lake. 1In 1969, reservoir clearing to elevation

641 feet ms1 (stage 16 feet) was accomplished. This is the water
surface elevation of the seasonal recreation pool and the clearing
removed obstructions to swimming and boating.

The September 1969 inspection by the Corps revealed cavitation
in the outlet works tunnel. In the first monolith in the tunnel
downstream of the transition section there were about 50 square feet
of cavitation varying from 1 to 18 inches in depth. A contract to
remove the disintegrated concrete, place anchor bolts and patch the
concrete was awarded in June 1972 and completed in August 1972.

g. Current studies. The New England Division, Corps of Engi-
neers, is preparing a survey report for the North Atlantic Division,
Corps of Engineers, entitled, "Northeastern United States Water
Supply Study." One aspect of the recommended plan would divert water
from the Millers River watershed by withdrawals from the East Branch
Tully River and the main stem of the Millers River above Athol, Mas-
sachusetts. The project would include a morning glory-type inlet
structure just downstream of the existing Tully Lake outlet works on
the right bank of the discharge channel. Flows into the inlet chamber
would be controlled by three 8' x 8' high sluice gates. A 30' x 8'
high bascule gate would be located across the discharge channel




immediately downstream of the inlet chamber control gates. Raising
and lowering the bascule gate would vary the head, and therefore,

the discharge rate into the morning glory spillway. From the spill-
way flows would travel through an 8' diameter conduit to the Millers
River just upstream of Athol and then through a 10-foot diameter
conduit to Quabbin Reservoir. The Tully-Millers diversion plan is
shown on plate F-20, and the tunnel inlet structure plan and sections
are shown on plate F-21. The report is scheduled for completion and
submission to OCE by December 1974.

4. ECONOMY OF THE WATERSHED

a. General. The Millers River watershed encompasses several
small towns and cities, the largest being Gardner, which registered
a population of 19,750 in 1970. The economy of the area has been
stable for many years, being built around manufacturing. Several
manufacturing industries have been prevalent in this area, primarily
furniture and fixtures, metal working machinery and equipment, shoes,
sporting goods, toys and wood products.

In Gardner, 48.8 percent of all persons employed in 1970 were
engaged in the manufacture of furniture and fixtures. The towns of
Templeton and Winchendon also have important furniture manufacturing
plants. Manufacturers of metal working machinery and equipment were
the leading employers in Athol, the second largest town in the basin.

The town of Orange had 50 percent of its work force employed in the
production of special industrial machinery. The town of Royalston is
primarily an agricultural community with some dairying and fruit growing.

b. Population. In 1970, the population of the watershed was
52,900. This was a growth of only 2.7 percent during the past 10-
year period. This rate of growth is considerably less than the
national average which is about 1.3 percent per year. Population
movements for this area show a constant out-migration with growth
due only to the excess of births over deaths. Below is a table showing
the population for the major cities and towns in the basin area, all of
which are in Massachusetts.

Town or City 1950 1960 1970
Gardner 19,580 19,050 19,750
Athol 11,550 11,640 11,190
Orange 5,900 6,150 6,100
Winchendon 6,590 6,240 6,640
Templeton 4,760 5,370 5,860
Erving 1,320 1,270 1,260
Royalston, Phillipston, Wendell 1,800 1,790 2,090
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c. Family income and employment. The median income for families
in the State of Massachusetts for 1969 was $11,449. The towns and
cities in the Millers basin were lower than that for the State, with
Gardner only $9,919 and Athol, the second largest city, $10,015. These
figures are 8.5 and 7.6 percent, respectively, below the State level.

The breakdown of employment in the basin area is similar, with 32
percent of them employed as operators and laborers, and 19 percent in
the professional and managerial category. Only 8 percent of those
employed from each town are in the service industries.

1

wallis (ra N o~ 1
C =~ A e

- WhITL AT Y



CHAPTER 11
MANAGEMENT

5. GENERAL

a. Project owner. Both Birch Hill Dam and Tully Lake are owned
by the Department of the Army, Corps of Engineers.

b. Operating agency. The New England Division is responsible
for the operation of both projects. Staffing on a normal work week,
Monday through Friday, is 0800 to 1630 hours, and from 0800 to 0900
on Saturday and Sunday, with the project managers living at the site.
During flood emergency conditions, the projects will be staffed on a
24-hour basis or as instructed by RCC for the duration of the emergency.

Recreation facilities at Lake Dennison are managed by the Massa-
chusetts Department of Natural Resources, which also holds a lease
for future development on the Tully Lake reservoir area.

c. Regulating agency. The New England Division, Corps of Engi-
neers is responsible for the regulation of both projects.

6. FUNCTIONAL RESPONSIBILITIES

a. Corps of Engineers. The reservoir regulation activities of
the New England Division are performed by the Reservoir Control Center
(RCC), a section of the Water Control Branch. Administrative and
maintenance activities at Birch Hill and Tully are performed by the
project managers under supervision of the Reservoir Branch of the Oper-
ations Division. During regulation periods the managers are responsible
to the Reservoir Control Center and report directly to the Center for
information and instructions.

The Water Control Branch of the Engineering Division is comprised
of three sections; namely, Reservoir Control Center, Hydrologic Engi-
neering, Hydraulics and Water Quality. The RCC consists of a staff
of highly trained hydrologic engineers who devote full time to the
operation of reservoirs in New England. Members of the other sections
not only assist the RCC during routine and flood operations, but also
provide technical assistance to the Center as needed. An organization
chart for reservoir regulation in the New England Division is shown on
plate F-22.
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The RCC is divided into basin units, each responsible for receiv-
ing routine hydrologic and meteorologic reports and directing reser-
voir regulation within an assigned river basin. Personnel from RCC
and the other sections of the Water Control Branch are assigned to
these units. Each unit consists of a regulator in charge of the over-
all operation in the basin, and project regulators who receive reports
and issue instructions to individual dams either from NED headquarters
during working hours or from their homes during nonworking hours. When-
ever severe emergency conditions exist, the RCC staffs NED headquarters
and regulation units are organized to assure 24-hour operations as long
as necessary.

b. Other agencies. There are no other Federal, State, county or
private agencies that have any responsibility in regulating the flood
control aspect of either Birch Hill Dam or Tully Lake.

7. INTER-AGENCY COORDINATION

a. Inter-Agency agreements. The Corps of Engineers has cooper-
ative working programs with the U.S. Geological Survey, the National
Weather Service and its River Forecast Center at Hartford, Connecticut.
The Corps uses the hydrologic and forecasting information from these
agencies in operating its flood control reservoirs in a manner to pro-
vide efficient protection for downstream communities.

b. Compacts. Congress, by the passage of Public Law 52, 83d
Congress, 6 June 1953, granted its consent and approval to an inter-
state compact, covering the Connecticut River Valley, that had been
previously ratified by the States of New Hampshire, Vermont, Massa-
chusetts and Connecticut. The principal purposes of the compact are:

(1) Assuring adequate storage capacity for impounding waters
of the basin in the interest of flood control. Five dams, Union Vil-
lage, Surry Mountain, Knightville, Tully and Birch Hill were in oper-
ation at the time the compact was instituted. These dams were endorsed
by the compact and included in the tax sharing clause. Twelve additional
locations were agreed upon for future tax reimbursement if they were
constructed.

(2) A system of tax loss reimbursement was set up so that
the southern Connecticut River Basin states would share the tax loss
with the northern states from Federal acquisition of lands for any
flood control dam and reservoir built in the Connecticut River Valley.
A tabulation of this tax reimbursement is listed on the following page.

13
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Recipient . Percent Tax Reimbursing

State Loss Reimbursed State
Vermont 40 Connecticut
Vermont 50 Massachusetts
New Hampshire 40 Connecticut
New Hampshire 50 Massachusetts
Massachusetts 40 Connecticut

(3) Providing a joint or common agency through which the
signatory states may effectively cooperate in accomplishing the ob-
jectives of flood control and water resources utilization in the basin.

The compact also provides for creation of a commission consisting
of three representatives from each of the four states with authority
to enter into contracts and agreements and to make such ongoing studies
and investigations as may be required in the interest of flood control
and in cooperation with Federal agencies.

c. News releases. It is the policy of the Corps of Engineers to
cooperate with the Tocal press and all other forms of news media. This
cooperation provides the local community with information regarding
the regulation of the Millers River projects.

The primary source of information regarding the regulation of the
projects is the Public Affairs Officer who is responsibie for issuing
all communiqués to the press and news media.

Whenever project managers receive requests for information from
local news media and private citizens, the operator can give out in-
formation pertinent to his project. However, the operator will not
make any flood forecasts. Referrals should be made to RCC for addi-
tional information.

14



CHAPTER I1I
HYDROMETEOROLOGY

8. DESCRIPTION OF WATERSHED

The Millers River watershed, located in north-central Massachusetts
with a small section in southwestern New Hampshire, has a length of
about 33 miles and a maximum width of about 19 miles. The total 392
square mile drainage area includes 320 in Massachusetts and 72 in New
Hampshire. Generally, the watershed is hilly with Tow mountains in
the headwaters with many natural ponds and lakes scattered throughout
the area. Elevations vary from peaks of 1,880 feet on the northern
and eastern divides to 180 feet near the mouth of the Millers River.

The Millers has its confluence with the Connecticut River in Mas-
sachusetts, 126.2 river miles from the mouth of the Connecticut, 13.6
river miles downstream of the Ashuelot and 7.0 river miles upstream
of the Deerfield River. 1Its source is in Ashburnham, Massachusetts
at Lower Naukeag Lake and it flows in a general westerly direction
for about 45 miles through Winchendon, Athol and Orange to its con-
fluence with the Connecticut River. The upper reaches of the river
are fed by a number of small brooks flowing in a southerly direction
from the towns of Rindge and New Ipswich, New Hampshire. The Millers
River has a total fall of approximately 900 feet. Just upstream of
Birch Hill Dam there is a fairly flat gradient of the river for a
distance of 6 miles with a fall of about 15 feet. The only relatively
flat gradient of the Millers River downstream of Birch Hill Dam lies
between the Main Street bridges in Athol and Orange, a distance of
5 miles with a fall of about 5 feet. A watershed map and profile are
shown on plates F-3 and F-23, respectively.

The principal tributaries of the Millers River are the Otter and
Tully Rivers, with respective drainage areas of 60 and 74 square miles.

The Otter River has its source in Templeton, Massachusetts. It
flows in a meandering northwesterly direction for a distance of almost
4 miles forming the boundary line between the town of Templeton and
the city of Gardner, then continuing through the town of Baldwinville
and the Birch Hill reservoir area to its confluence with the Millers
River. The river falls about 100 feet in its length of 12.7 miles.
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The Tully River, formed by the confluence of its East and West
Branches, flows southerly 1.4 miles with a fall of about 5 feet, to
jts juncture with the Millers River. The East Branch, with a total
length of 9.7 miles and a fall of about 160 feet, begins at the con-
fluence of Tully Brook (New Hampshire) and Falls Brook and flows in
a general southerly direction through the Tully reservoir area to
join the West Branch. The West Branch rises in Warwick, Massachusetts,
flows in a southeasterly direction through Sheomet Lake, and continues
in a southeasterly direction to join the East Branch. It has a length
of 9.5 miles with a fall of about 670 feet.

9. CLIMATE AND RUNOFF

a. Precipitation. The mean annual precipitation over the water-
shed is about 41 inches, distributed fairly uniformly throughout the
year. Average monthly precipitation at Winchendon, Massachusetts
varies from a minimum of 2.91 inches in February to a maximum of
3.87 inches in July. Extremes in monthly precipitation at Winchendon
vary from a minimum of 0.05 inches in March and October to a maximum
of 15.89 inches in September. Monthly precipitation records for four
stations in or near the watershed are listed in table F-1. The annual
precipitation records for the same stations are shown on plate F-24.

b. Temperature. The average annual temperature is about 47°
Fahrenheit 5?5. Average monthly temperatures vary widely throughout
the year. At Turners Falls, Massachusetts, temperatures vary from
about 23° in January to about 72° in July. Extremes range from a
low of -30° in February to a high of 104° in July. Table F-2 lists
the mean monthly and the absolute maximum and minimum temperatures
at three stations in the watershed.

c. Snow and snow cover. The mean annual snowfall is about 59
inches with about 50 percent of this amount occurring in January
and February. The variations of the average monthly snowfall at
four locations are given in table F-3. Snow surveys have been taken
in the watershed by the Corps since December 1948. The locations of
these snow courses are shown on plate F-3 and pertinent data regarding
them are contained in table F-4. Water content in the snow cover
reaches a maximum about the middle of March and from 1950 to date
has averaged about 3.4 inches, with a maximum of 7.7 inches and a
minimum of no snow.

d. Storms. The three general types of storms occurring in the
Millers River watershed are continental, coastal and those associated
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TABLE F-1

MONTHLY PRECIPITATION
MIL.LERS RIVER WATERSHED
(Depth in Inches)

“Winchendon, Mass, Birch Hill Dam, Royalston, Mass.
Elevation 1020 feet misl Elevation 840 feet msl
77 Years of Record 22 Years of Record
Through 1970 Through 1970
Month Mean Maximum Minimum Mean Maximum Minimum
January 3,21 7.20 0.78 2.91 5.95 0.78
February 2,91 6.19 0.68 2.75 5.12 0. 88
March 3.48 8.52 0. 05 3.00 6.49 0. 85
April 3,38 6,85 0.72 3.17 5.04 0.77
May 3,35 7.24 0.75 3.07 6.67 0.93
June 3,85 12,00 0. 83 3.29 7.64 0.59
July 3,87 10.25 0.98 2.95 6.86 0.79
August 3.62 8.64 0.44 3,29 10, 44 0.80
September 3. 86 15, 89 0. 32 3.02 7.73 0.64
October 3,05 8. 42 0. 05 2.78 7.07 0.47
November 3.66 8. 31 0.79 3.87 7. 06 1.32
December 3,45 9.80 0.58 3,42 5.99 0.76
ANNUAL 41.69 59.98 28.26 37.52 50,49 25,91
Tully Lake, Royalston, Mass, Turners Falls, Mass,
Elevation 685 feet msl Elevation 190 feet msl
21 Years of Record 71 Years of Record
Through 1970 Through 1970
Month Mean Maximum Minimum Mean Maximum Minimum
January 2.97 6.44 0.72 3,20 6.63 0.69
February 2.95 5.18 0. 99 2.75 6.22 0.51
March 3.26 6.99 1.23 3. 35 8.10 0.22
April 3.54 5.30 1. 04 3,30 6.04 0,57
May 3,42 7.21 1. 34 3.56 7.77 0. 44
June 3.71 8.63 0.77 3.49 8. 04 0.67
July 3,40 6.68 0. 86 3.70 15,39 0. 84
August 3.47 10,70 0. 95 3.61 12,11 0. 65
September 3.29 7.75 0.79 3.60 12.94 0. 39
October 3.27 10.62 0.53 2,84 8.55 0. 00
November 4,12 8.29 1.91 3,66 7.89 0.66
December 3.67 7.15 0. 84 3,26 7.92 0.40
ANNUAL 41,07 54.28 27.67 40, 32 55.18 27,66
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TABLE F-2

TEMPERATURE
MILLERS RIVER WATERSHED
“(Degrees Fahrenheit)

TURNERS FALLS, MASS.
74 Years of Record Through 1970

BIRCH HILL DAM, ROYALSTON, MASS.
22 Years of Record Through 1970

TULLY LAKE, ROYALSTON, MASS.
21 Years of Record Through 1970

8l

Absolute Absolute Absolute Absolute Absolute Absolute

Max imum Minimum Maximum Minimum Maximum Minimum
Month Mean Recorded Recorded Mean Recorded Recorded Mean Recorded Recorded
January 22.1 62 -34 20.6 62 -29 23.4 66 =27
February 24.0 64 -25 22.5 64 -27 24.3 65 -30
March 32.1 73 -18 31.7 75 -19 34.4 85 -21
April 44.9 88 6 44.5 92 6 46.2 91 4
May 55.3 92 20 54.8 96 22 57.9 96 24
June 64.6 97 29 64.4 98 30 66.9 103 31
July 68.8 96 36 68.9 100 37 7.7 104 36
August 66.6 99 30 66.6 99 30 69.3 103 34
September 59.2 98 20 58.8 100 22 62.1 99 25
October 49.5 85 13 48.5 87 16 51.3 92 18
November 38.6 79 3 37.9 80 4 39.5 82 0
December 25.9 62 -25 24.7 62 -21 27.2 66 -24
ANNUAL 46.0 99 -34 45.3 100 -29 47.9 104 -30



MONTHLY SNOWFALL
MILLCERS RIVER WATERSHED
(Depth in Inches)

BIRCH HILL DAM

WINCHENDON, MASS. ROYALSTON, MASS.
26 Years of Recora Through 1360 22 Years of Record Through 1970

Percent Percent

Month Mean of Annual Mean of Annual
January 15.6 26.5 15.2 22.4
February 14.4 24.5 18.0 26.5
March 11.7 19.9 14.5 21.4
April 3.0 5.1 2.5 3.7
May 0.1 0.2 0.2 0.3
June 0.0 0.0 0.0 0.0
July 0.0 0.0 0.0 0.0
August 0.0 0.0 0.0 0.0
September 0.0 0.0 0.0 0.0
October 0.1 0.2 0.3 0.4
November 3.5 5.9 3.1 4.5
December 10.4 17.7 14 1 20.8
ANNUAL 58.8 100.0 67.9 100.0

TULLY LAKE
ROYALSTON, MASS. TURNERS FALLS, MASS.
21 Years of Record Through 1970 64 Years of Record Through 1963

Percent Percent

Month Mean of Annual Mean of Annual
January 14.5 23.5 15.6 28.3
February 16.7 27.1 15.2 27.6
March 13.1 21.2 9.1 16.5
April 1.6 2.6 2.1 3.8
May Trace 0.0 Trace 0.0
June 0.0 0.0 0.0 0.0
July 0.0 0.0 0.0 0.0
August 0.0 0.0 0.0 0.0
September 0.0 0.0 0.0 0.0
October Trace 0.0 Trace 0.0
November 2.8 4.6 2.7 4.9
December 12.9 21.0 10.4 18.9
ANNUAL 61.6 100.0 55.1 100.0
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Course

Ashburnham, Mass.
Otter River, Mass.
Rindge, N.H.

Pequoig, Mass.

Birch Hi1l Dam, Mass.

Fitzwilliam, N.H.

South Royalston, Mass.

Tully Dam, Mass.

Richmond, Mass.

CORPS OF ENGINEERS

TABLE F-4

SNOW COURSE LOCATIONS

MILLERS RIVER WATERSHED
Elevation Latitude Longitude
(ft. msT)
1,160 42°-38'-30" 71°-56'-00"
970 42°-32'-45" 72°-00'-30"
1,260 42°-44'-45" 72°-00'-30"
1,010 42°-39'-50"  72°-00'-35"
800 42°-37'-45"  72°-07'-30"
1,090 42°-46'-50" 72°-07'-45"
1,110 42°-38'-35" 72°-09'-20"
700 42°-38'-45"  72°-13'-40"
1,200 42°-43'-20" 72°-15'-50"
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with thunderstorms which may be of local origin or the result of a
stationary front. Continental storms originate over the western

or central part of the United States and move in a general easterly
and northeasterly direction. These storms may be rapidly moving
intense cyclones or of the stationary type. They are not limited

to any season or month, but follow one another at more or less regular
intervals with varying intensities throughout the year.

Tropical hurricanes are the most important of the coastal storms.
They originate either in the South Atlantic or in the Western Carib-
bean Sea and generally move in a westerly or northwesterly direction,
recurving to the north as they near the mainland, and then to the
northeast approaching New England. In general, hurricanes are likely
to occur during the months of July through October with greater inci-
dence in the months of August and September.

Coastal storms of an extratropical nature differ from the hurri-
canes principally as they originate along the eastern seaboard and
have less energy associated with them. These storms travel north-
ward along the coast, occurring most frequently during the autumn,
winter and spring months. Thunderstorms may be of local origin or
the frontal type associated with the summer months.

e. Runoff.

(1) Discharge records. There are nine USGS gaging stations
in the watershed (Tocations are shown on plate F-3). The period of
record for these stations is listed on page i. A computed daily hydro-
graph for the Millers River at Birch Hi1l Dam (1916-1939) is shown on
plate F-25, while an observed daily hydrograph for East Branch Tully
River (1916-1943) is shown on plates F-26 and F-27.

(2) Streamflow data. The average annual runoff for the
56-year period of record through September 1970 on the Millers River
at Erving is 22.18 inches with a maximum of 37.14 inches in water
year 1938 and a minimum of 7.08 inches in water year 1965. The mean
annual runoff represents about 55 percent of the mean annual precip-
itation and about 50 percent of this runoff occurs in the spring
months of March, April and May. Discharges for the period of record
have varied from a maximum of 29,000 cfs on 22 September 1938 to a
minimum of practically no flow. The minimum average daily flow was
8 cfs on 6 September 1926 and the average annual flow is 610 cfs,
adjusted for change in contents in Birch Hill and Tully reservoirs.
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TABLE F-5

MONTHLY RUNOFF
MILLERS RIVER WATERSHED

PRIEST BROOK MILLERS RIVER
NEAR WINCHENDON, MASS. AT SOUTH ROYALSTON, MAS
(DA = 19.4 SQ. MI.] (DA =187 SQ. MI.)
1916-1970 1940-1970
Average Maximum Minimum Average Maximum
Month CFs Tnches CFS Inches CFS Inches CFS Inches trs Tnches
January 28.3 1.70 79.0 4.69 1.23 0.07 283 1.74 697 4.29
February 241 1.32 81.7 4.39 5.30 0.29 287 1.61 773 4.30
March 75.9 3.78 199.0 12.22 13.6 0.81 531 3.27 1,043 6.43
April 96.3 5.60 225.0  12.95 27.6 1.64 824 4.92 1,850 11.04
May 43.1 2.59 91.9 5.46 12.8 0.76 435 2.68 871 5.37
June 26.6 1.45 107.0 6.35 2.5 0.15 253 1.51 631 3.77
July 11.9 0.7 62.5 3.83 1.04 0.06 120 0.74 369 2.27
August 10.0 0.60 68.8 4.22 0.47 0.03 96 0.60 332 2.05
September 13.2 0.70 178.0 10.57 0.29 0.02 115 0.68 551 3.29
October 13.1 0.79 62.4 3.7 0.55 0.03 159 0.98 802 4.94
November 27.1 1.61 124.0 7.36 1.38 0.08 2n 1.62 854 5.10
December 31.4 1.89 94.7 5.81 4.67 0.29 284 1.75 643 3.96
Water Year 32.1  22.74 55.0 39.86 8.19 5.73 304 22.10 490 35.63
N EAST BRANCH TULLY RIVER MILLERS RIVER
~ NEAR ATHOL, MASS. (1) AT ERVING, MASS. (1
(DA = 50.4 SQ. MI.) DA = 375 SQ. MI.
1916-1970 1914-1970
Average Ma ximum Minimum Average Maximum
Month CFS  Inches CFS TInches CFS  Inches CFS = Inches CFS TInches
January 72 1.66 186 4.30 10 0.23 574 1.77 1,331 4.09
February 65 1.35 171 3.54 14 0.30 547 1.54 1,494 4.15
March 158 3.63 525 12.11 42 0.97 1,133 3.50 3,989 12.45
April 227 5.04 528 11.70 80 1.77 1,590 4.75 3,584 10.66
May m 2.54 247 5.66 4] 0.95 823 2.54 1,650 5.07
June 62 1.38 244 5.42 7 0.15 509 1.52 1,640 4.92
July 30 0.68 153 3.52 4 0.09 298 0.92 1,118 3.48
August 26 0.54 188 4,32 1 0.02 234 0.72 1,050 3.25
September 29 0.64 388 8.68 1 0.01 277 0.83 3,031 9.14
October 30 0.70 121 2.78 1 0.03 279 0.86 1,292 3.97
November 69 1.52 269 5.98 4 0.08 482 1.44 1,620 4.85
December 79 1.81 239 5.49 13 0.30 578 1.79 1,540 4.78
Water Year 80 21.49 140 38.10 23 6.18 610 22.18 1,012 37.14

(1) Runoff adjusted for change in contents in
reservoir storage at Birch Hill Dam and/or
Tully Lake.



A summary of the maximum, minimum and average monthly and the aver-

age annual runoff for four selected USGS gaging stations are shown

on table F-5. The annual runoff values for each of these stations

are listed on plate F-28. A summary of runoff data for the four sta-
tions is shown on the pertinent data sheet of hydrologic information.
Rating tables for the USGS gage at Montague City, Erving, South Royalston
and East Branch Tully River are shown on plates F-29 through F-33.

f. Frequency analysis.

(1) Peak discharge frequency. The natural frequency of occur-
rence of discharges was determined for selected U.S. Geological Survey
gaging stations in the Millers River watershed and is shown in table
F-6. Frequency analyses were made in accordance with procedures in
ER 1110-2-1450, "Hydrologic Frequency Estimates," dated 10 October
1962. Following a regional frequency analysis, a skew coefficient of
1.0 was adopted for all tributaries of the Connecticut River.

TABLE F-6
NATURAL PEAK DISCHARGE FREQUENCY DATA
(cfs)
Expected Recurrence Millers R. Millers R. East Branch
Probability Interval at near Tully River
Percent Chance Years Erving Winchendon near Athol
0.50 200 26,000 7,200 5,900
1.0 100 20,200 5,700 4,400
2.0 50 15,900 4,400 3,300
5.0 20 11,000 3,000 2,300
10.0 10 8,500 2,300 1,600
20.0 5 6,500 1,800 1,200
50.0 2 4,400 1,200 700
99.0 1 3,200 1,000 400

(2) Frequency of reservoir filling. The pool stage at Birch
Hi1l Dam has equalled or exceeded T0 feet, which is about 7 percent
of total flood control storage capacity, 36 times from the beginning
of operations in December 1941 through December 1973.
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The pool stage at Tully Lake has equalled or exceeded 18 feet,
which is about 7 percent of total flood control storage capacity,
25 times from the beginning of operations in January 1949 through
December 1973. A tabulation of these operations, with the amount
of floodwaters stored, is given in tables F-7 and F-8. The area-
capacity table and area-capacity and percent full curves are shown
on plates F-34, F-35 and F-36 for Birch Hi1l Dam and on plates F-37,
F-38 and F-39 for Tully Lake.

10. CHANNEL AND FLOODWAY

The non-growing season safe channel capacity just downstream
of Birch Hi11 Dam on the Millers River is approximately 2,800 cfs
and just below Tully Lake on the East Branch of the Tully River,
about 800 cfs, during the growing season these values drop to about
2,000 and 650 cfs, respectively.

Principal damage centers in the watershed during past floods
have been at Athol and Orange, both important manufacturing centers.
The most important Millers River index station is the staff gage at
the Main Street bridge in Athol (280 square miles). Another index
staff gage is located in Orange just upstream of the Main Street
bridge (316 square miles).

Regulation to protect Athol, with its relatively small channel
capacity of 3,100 cfs (11 csm), will also maintain flows well within
banks in Orange and all other downstream locations on the Millers River.

A large agricultural field just upstream of the Main Street bridge
in Athol is flooded nearly every spring. Regulation procedures should
try and prevent the cornfield from being flooded during the summer
growing season.

Releases from Birch Hi1l Dam and Tully Lake, up to channel capac-
ities just below these dams, should be made once a year, conditions
permitting, such as reservoir inflows and river stage in Athol.

11. FLOODS OF RECORD

a. General. Flooding in the Millers River watershed can occur
at any time of the year. The floods of November 1927 and September
1938 were caused by heavy rainfall, while the events of March 1936
and April 1960 were caused by heavy rainfall, warm weather and con-
siderable snowmelt.
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TABLE F-7

~ SIGNIFICANT RESERVOIR OPERATIONS AT BIRCH HILL DAM
DECEMBER 1941-DECEMBER 1973

Maximum Total Reservoir
Date Stage Storage Utilized
(feet) Acre-Feet Percent Total

1943 13 Nov 12.0 4,550 9
1944 26 Jun 14.0 6,150 12
1947 5 Feb 12.8 5,190 10
1948 25 Mar 20.2 12,680 25
1949 7 Jan 12.3 4,790 10
1950 28 Nov 11.5 4,225 8
1951 5 Apr 15.0 6,950 14
1952 9 Apr 11.0 3,900 8
1953 31 Mar 19.0 11,150 22
1954 20 Apr 12.6 5,030 10
1954 13 Sep 11.1 3,965 8
1955 22 Aug 13.7 5,910 12
1955 19 Oct 19.8 12,150 24
1955 7 Nov 12.0 4,550 9
1956 13 Jan 16.7 8,515 17
1956 2 May 18.8 10,910 22
1958 21 Apr 13.5 5,750 12
1959 5 Apr 14.2 6,310 13
1959 26 Oct 11.9 4,485 9
1959 30 Nov 11.5 4,225 8
1960 8 Apr 25.0 20,400 41
1960 14 Sep 11.2 4,030 8
1962 3 Apr 17.4 9,260 19
1963 7 Apr 15.1 7,040 14
1964 17 Apr 11.8 4,420 9
1967 20 Apr 11.1 3,965 8
1967 28 May 11.3 4,095 8
1968 25 Mar 21.2 13,900 28
1969 24 Apr 22.5 16,100 32
1970 6 Apr 11.0 3,900 8
1972 22 Apr 13.5 5,750 12
1973 5 Feb 12.3 4,790 10
1973 19 Mar 10.6 3,560 8
1973 4 Apr 10.7 3,620 8
1973 3 Jul 15.0 6,900 14
1973 24 Dec 17.2 9,020 18

Note: No winter pool maintained.
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TABLE F-8

SIGNIFICANT RESERVOIR OPERATIONS AT TULLY LAKE
JANUARY 1949-DECEMBER 1973

Maximum Flood Control
Date Stage Storage Utilized
(feet) Acre-Feet Percent

1951 6 Apr 21.3 3,050 14
1953 27 Jan 18.9 1,900 9
1953 31 Mar 24.7 4,920 23
1956 14 Jan 18.4 1,680 8
1956 5 May 26.1 5,770 27
1959 5 Apr 18.2 1,590 7
1959 27 Oct 20.0 2,400 1
1959 30 Nov 18.8 1,860 9
1960 9 Apr 32.3 10,670 50
1962 9 Apr 21.8 3,300 15
1963 7 Apr 20.5 2,650 12
1964 29 Jan 19.0 1,950 9
1964 18 Apr 20.0 2,400 1
1966 28 Mar 19.4 2,130 10
1967 21 Apr 19.3 2,080 10
1967 29 May 22.4 3,620 17
1968 26 Mar 24.7 4,920 23
1969 25 Apr 24.2 4,620 22
1969 9 Nov 19.5 2,180 10
1970 10 Apr 20.3 2,550 12
-------------------------------------------------- (See note below)
1972 24 Apr 23.6 4,280 20
1973 6 Feb 19.5 2,180 10
1973 19 Mar 20.0 2,400 1
1973 3 Jul 18.7 2,500 9
1973 24 Dec 21.3 3,050 14

Notes: A winter pool with a 10 to 12 foot stage is maintained.
In May 1971, a 16-foot stage recreation pool was established

with 1,500 acre-feet of storage which is equal to 7 percent
of total storage capacity.
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b. Historic floods. The flood history of the Millers River
watershed extends back to the first settlers, about 300 years. In-
formation regarding a number of the most severe floods in this area
was obtained through field investigations and research of published
U.S. Geological Survey data and newspaper accounts. Following is a
1ist of known historic floods:

Year Month Year Month
1801 March 1869 October
1824 February 1878 December
1841 January 1887 July
1843 March 1895 April
1846 March 1896 March
1854 May 1900 February
1862 April

The order of magnitude of these floods is not known; however,
they were all smaller than the September 1938 flood, which is the
maximum of record.

c. Recent floods. In recent years, four significant floods
have been experienced in the Millers River watershed. These floods
occurred in November 1927, March 1936, September 1938 and April 1960.
Flood information for these events at selected locations in the water-
shed are given on page i.

(1) November 1927 flood. A tropical storm formed over the
Caribbean late in October 1927, started northward 1 November and was
at the lTower end of Chesapeake Bay by 3 November. The storm followed
a path over western Massachusetts and Vermont, and caused the great-
est flooding on the Vermont tributaries of the Connecticut River, with
serious flooding in New Hampshire and the western tributaries of Mas-
sachusetts. Storm rainfall, 2-4 November, at Fitchburg, Winchendon
and Turners Falls, Massachusetts was 5.3, 4.0 and 4.5 inches, respectively.
The 24-hour rainfall at these three stations was 5.1, 3.6 and 3.5 inches,
respectively. Peak flows during this storm at Priest Brook near
Winchendon, East Branch Tully River near Athol and Millers River at
Erving were 56, 39 and 17 cfs per square mile of drainage area (csm),
respectively. The total volume of runoff at the Erving gage for the
period 3-10 November was 2.4 inches.

(2) March 1936 flood. After the first week of March 1936,
temperatures in New England became unseasonably warm and continued
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so for the remainder of the month. The snow cover in the upper and
central parts of the Connecticut River basin was above average as
Tittle thawing had occurred in January and February. During the

period 9-22 March, three storm centers passed over New England, with
heavy rainfall on 11-12 and on 17-18 March. The total storm rain-

fall at Fitchburg, Winchendon and Turners Falls was 9.17, 6.6 and

5.9 inches, respectively. The water equivalent of the snowmelt dur-
ing this period was estimated at about 5 inches. Peak flows during
this storm at Priest Brook near Winchendon, East Branch Tully River
near Athol and Millers River at Erving were 95, 73 and 53 csm,
respectively. Approximately 12 inches of runoff occurred in the

basin during the last three weeks of March. At the Main Street bridge
in Athol, the Millers River reached a peak elevation equivalent to

15.9 feet on the present staff gage. The Connecticut River at Hartford
crested at 37.6 feet, which is the greatest flood in over 300 years of
record. On the Connecticut River, from the vicinity of Fifteenmile
Falls to its mouth, all previously known flood discharges were exceeded
except in that part of the river just downstream of White River Junction,
Vermont where the peak was less than that of the November 1927 flood.
Plate F-40 shows the natural flood hydrograph and the hydrograph as
modified by both reservoirs at the Main Street staff gage and at the
Millers River gage at Erving, Massachusetts.

(3) September 1938 flood. The flood of record in the Millers
River watershed occurred in September 1938, when after a week of ante-
cedent rainfall, a major hurricane traveled northward through the Con-
necticut River valley on 21 September. Storm rainfall, 17-21 September,
at Fitchburg, Winchendon and Turners Falls was 8.6, 13.0 and 10.7 inches,
respectively. Peak flows during this storm at the Millers River near
Winchendon, Priest Brook near Winchendon, East Branch Tully River near
Athol and Millers River at Erving were 102, 155, 102 and 78 csm. In
the period 20-25 September, more than 7 inches of runoff occurred
throughout the basin. This was the second largest flood on the lower
Connecticut River and the greatest of record on many tributaries in
the central and lower portions of the basin. At the Main Street bridge
in Athol the river reached a peak stage of 20.8 feet on the staff gage.
The flood crested at 35.4 feet at Hartford, which was the second highest
of record. Plate F-41 shows the natural flood hydrograph and the hydro-
graph as modified by both reservoirs at the Main Street gage in Athol
and at the Millers River gage at Erving, Massachusetts.

(4) April 1960 flood. At the end of March 1960 there was
heavy snow cover in the headwater areas of the major river basins in
New England due to heavy March snowfall and unusually cold temperatures.
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Warm weather, moderate rainfall and melting snow occurred from 30 March
to 6 April. On 4-6 April, rainfall at Fitchburg, Winchendon and Turners
Falls was 1.8, 2.2 and 2.5 inches, respectively. These hydrologic con-
ditions resulted in basinwide flood conditions and Birch Hi1l Dam and
Tully Lake reached 40 and 51 percent of their respective flood control
storage capacities. Stages on the Connecticut River were the highest

in Connecticut since 1955 and among the highest from Massachusetts
northward since 1938.

12.  ANALYSIS OF FLOODS

a. Millers River. Floodflows and precipitation records were
analyzed to determine the runoff characteristics of the Millers River
watershed such as: time of year when floods may occur, effect of top-
ography, relative timing and flood peak contributions at downstream
damage centers on the Millers and Connecticut Rivers. The analysis
resulted in the following conclusions:

(1) The Millers River watershed responds quickly to periods
of intense rainfall which may occur in any month and as a result, there
is no flood-free season of the year.

(2) The spring snowmelt is not of damaging magnitude unless
augmented by rainfall.

(3) Although there are a number of moderate to steep slopes
throughout the basin, a large number of lakes, ponds and swampy areas
result in runoff characteristics that are considered moderate.

The principal flood-producing tributaries in the watershed are
the Otter and Tully Rivers. Larger brooks feeding directly into the
Millers River, such as Tarbell, Priest, Lake Rohunta, Orcutt and Moss,
also contribute to floods. Many lakes and ponds scattered throughout
the watershed add significant amounts of natural storage. Approximate
high flow travel times and flood routing coefficients for reaches of
the Millers River are shown on page i.

b. Connecticut River. Flooding along the Connecticut River is
caused by excessive rainfall, melting snow or a combination of both.
Analyses of floods of record reveal that Connecticut River floods have
generally originated in one of the following manners: (1) as a gen-
eral basinwide flood, usually with snowmelt, (2) in the northern portion
upstream of White River Junction, (3) in the central portion between
White River Junction and Montague City, and (4) in the southern portion
downstream of Montague City. The November 1927 event occurred in the
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central and upper portions of the basin, the March 1936 flood was basin-
wide, the September 1938 flood originated in the lower and central portions
of the basin, the flood of August 1955 was a lower basin event, and tne
April 1960 event was caused by considerable rainfall and snowmelt through-
out the basin.

c. Ice jam flooding. During the spring runoff period consider-
ation should be given to possible ice jam flooding in the vicinity of
the Athol Manufacturing Company, Union Twist Drill Company and Star-
rett Company dams, Main Street bridge and the Daniel Shays Highway
(U.S. Route 202) bridge in Athol. These locations have not experienced
any major flooding due to ice jams in recent years. However, minor
flooding may be expected during the annual spring runoff.

13. DESIGN FLOODS

a. Spillway design flood.

(1) Birch Hill design criteria. As presented in the "Analysis
of Design," 1940, a maximum predicted storm in the Birch Hill watershed,
based on a New England rainfall study, was developed by the National
Weather Service in conjunction with OCE. The computed spiliway flood
was determined by applying the unit hydrograph, derived from the com-
posite September 1938 flood of record, to the maximum predicted storm.

The most severe possible conditions were assumed in the deriva-
tion of the computed spillway flood and a factor of safety of 1.35
applied to determine the spillway design flood. The ordinates of
discharge of the computed spillway flood hydrograph were increased
by 1.35 without changing the storm duration. Thus, peak discharge
and volume were increased 35 percent while the storm period remained
unchanged.

Total spillway design storm rainfall, 24-hour duration, was 22.28
inches (infiltration - 1.20 inches and rainfall excess - 21.08 inches).
The reservoir inflow and outflow peaks were 59,000 and 56,600 cfs,
respectively, for the spillway design flood.

Spillway design requirements included: pool at spillway crest
at start of spillway design flood, gates closed during entire flood
period and maximum wave heights occurring at time of maximum spillway
discharge.

(2) Birch Hill 1974 criteria. Pursuant to the authority con-
tained in Public Law 91-611, 91st Congress, Section 216, dated
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31 December 1970, a review is being made of the spillway design and
real estate acquisitions at selected older dams and lakes in the New
England Division to determine whether they conform adequately with
current policies and criteria with respect to safety and functional
reliability. The report on Birch Hill was completed in March 1974,
including a determination of the adequacy of spillway discharge
capacities and freeboard allowances. A summary of original and 1974
hydrologic design criteria for Birch Hill Dam is given in table F-9.
The maximum surcharge elevation, as computed according to the 1974
criteria, is 1.4 feet lower than that given by the original and design
criteria and therefore meets the safety requirements for freeboard needs.

(3) Tully design criteria. The "Revised Analysis of Design,"
October 1944, presents the design criteria for Tully Lake. The com-
puted spillway flood is based on Engineer Bulletin No. 9 which defines
it as "the flood computed by means of the forecast worst storm, the
highest runoff factors and the worst runoff-producing combinations for
the drainage area in question." The forecast worst storm is that which
will occur without snow cover. It will produce higher rates of flood
discharge than the maximum rainfall combined with snowmelt. This was
confirmed by computation. The forecast worst storm, 36-hour duration,
as determined from Hydrometeorological Report No. 1, has a total rain-
fall of 19.1 inches (infiltration - 1.5 inches and rainfall excess -
17.6 inches). The computed spillway flood was determined by applying
the adopted unit hydrographs to the rainfall excess of the maximum
possible storm without snow cover and adding a base flow of 100 cfs.

The spillway design flood was established by increasing the peak
rate of discharge of the computed spillway flood by 50 percent (as a
factor of safety) with volume unchanged.

The reservoir inflow hydrograph was obtained by reverse-routing
the spillway design flood at the damsite through valley storage in
the reservoir below the spillway crest. The peak inflow is 40,000 cfs.

Spillway design requirements included: reservoir filled to spill-
way crest at start of spillway design flood, gates closed throughout
flood period and maximum wind and wave action occurring at time of
maximum surcharge.

(4) Tully 1974 criteria. Tully Lake was included in the
review of design features of existing dams, and the report completed
in January 1974. A summary of the original and 1974 hydrologic design
for Tully Lake is presented in table F-9. The maximum surcharge

31



TH I e S AT

43

T - SF T e WA Al e WA O LI

T e -

TABLE F-9

SPILLWAY DESIGN CRITERIA
BIRCH HILL DAM AND TULLY LAKE

Birch Hill Dam Tully Lake
Design 1974 Design 1974
Item Criteria Criteria Criteria Criteria
SPILLWAY DESIGN STORM
Basis of Design U.S.W.B. HR No. 33 HR No. 1 HR No. 33
Storm Duration (hrs) 24 24 36 24
Total Volume of Rainfall (in) 22.28 20.3 19.1 20.3
Total Losses (in) 1.2 1.6 1.5 1.6
UNIT HYDROGRAPH
Unit Rainfall Duration (hrs) 6 3 3 3
Peak Flows (cfs) 2,700 4,850 3,400 1,460(1)
SPILLWAY DESIGN FLOOD
Peak Inflow to Reservoir (cfs) 59,000 102,000 40,000 36,600
Peak Qutflow (cfs) 56,600 93,500 32,700 31,000
Volume of Runoff (acre-feet) 193,000 174,000 41,900 50,000
SPILLWAY DESIGN FLOOD RESERVOIR
REGULATION PLAN
Tnitial Pool Elevation (ft ms1) 852(2) g42(3) 663(2) 653(3)
Qutlet Facilities during Flood Closed Operable Closed Operable
Maximum Surcharge Elev. (ft msl) 859 857.6 678.8 675.7
FREEBOARD CHARACTERISTICS
Design Wind Velocity (mph) 60 60
Effective Fetch (miles) 2.25 2.4
Average Depth (ft) 50
Wave Runup (ft) 4.5 4.9
Wind Tide (ft) 0.4 0.2
Adopted Freeboard (ft) 5.0 5.0 5.2 5.0

(

(1) For 38 square miles, remaining 12 not considered significant.
(2) Pool initially full to spillway crest elevation.

(3) Pool initially one-half full to spillway crest elevation.



elevation, as computed according to the 1974 criteria, is 3.1 feet
lower than that given in the original design criteria and therefore
meets all safety requirements for freeboard.

b. Standard project flood. This design flood was not developed
for the 1940 Birch Hil1l Analysis of Design nor for the 1944 Tully
Revised Analysis of Design. However, two standard project floods (SPF)
were developed as demonstration floods in the watershed. The first
measured the effectiveness of the Gardner Local Protection Project,
Wrights Reservoir improvements while the second was developed for
the Millers River Flood Plain Information Technical Report for Orange
and Athol, Massachusetts.

14. FLOOD DAMAGES

a. Flood of September 1938. This record flood caused damages
of $7,340,000 in the Millers River basin. The losses were widespread
along the entire main stem of the river with industrial losses in
Athol, Orange, Irving and Millers Falls and railroad and highway losses
accounting for 86 percent of the total. The economy of the basin was
paralyzed for months.

b. Recurring losses. Losses at the record flood levels of Sep-
tember 1938 would amount to $19.7 million under 1973 conditions. Oper-
ation of Birch Hill Dam and Tully Lake would reduce losses in a recur-
rence of 1938 floodflows by almost 90 percent. For lesser floods the
dams provide a high degree of protection to the communities of Athol,
Orange, Irving and Millers Falls.

15.  DROUGHTS

a. General. The Millers River watershed lies within the general
zone classified as humid, where the average annual precipitation is
distributed reasonably well throughout the year. In National Weather
Service terminology, a drought is considered to be a period of 14 or
more days in which less than 0.1 inch of precipitation falls in a
48-hour period. To the agriculturist, a drought is a lack of soil
moisture during the growing season. Hydrologically, a drought is
defined as a prolonged period of precipitation deficiency which seri-
ously affects riverflow as well as surface and ground water supplies.
Periods of deficient precipitation and runoff have occurred in the
watershed.

b. History. The drought history in the watershed extends back
more than 100 years. Several periods of below average precipitation
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have occurred prior to 1960, although none have caused a serious im-
pact on the water needs of the area due to the sparse population and
lack of industry in the region. The most notable of these occurred
in 1880 to 1883, 1894, 1930, 1941 and 1949.

c. Drought of 1961-1966. The longest and most severe drought
in the history of the Connecticut River basin is the one of 1961-
1966. During this period, the cumulative precipitation deficiencies
at Winchendon and Turners Falls were 36.1 and 40.9 inches, respec-
tively, which are 86 and 102 percent of the average annual precipi-
tation. The cumulative runoff deficiencies for water years 1961-1966
at Millers River at South Royalston, East Branch Tully River near
Athol and Millers River at Erving, were 34.0, 48.2 and 44.3 inches,
respectively, which are 153, 224 and 200 percent of the average annual
runoff. Rarely is a deficiency of ground water carried over from one
growing season to the next in New England, since it is replenished
during each spring runoff. However, this condition occurred in the
winter of 1964-1965 and resulted in a record low flow runoff at Millers
River at South Roylaston, East Branch Tully River near Athol and
Millers River at Erving of 7.4, 6.2 and 7.1 inches, respectively,
in water year 1965, which are 33, 29 and 32 percent of the average
yearly runoff (refer to plate F-28).
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CHAPTER 1V
COMMUNICATIONS

16. GENERAL

A1l communications between the project manager and RCC are made
via the NED radio network during normal work hours or when NED head-
quarters are otherwise manned. Whenever the radio network is inop-
erative, communications are made by telephone. During nonwork hours,
reports and regulation instructions are issued by telephone to or
from the homes of RCC personnel. In the event of failure of the NED
radio network and telephone service, emergency communications will
be attempted through the State Police or Civil Defense radio facili-
ties. In addition, radios located in the Automatic Hydrologic Radio
Reporting Network facilities in the field are tied directly to the
RCC computer room serving as a backup system for normal radio com-
munication.

17. PRECIPITATION REPORTING NETWORK

Reports of precipitation data from the Millers River watershed
are used primarily for the purpose of alerting regulation personnel
and of providing a basis for appraising the severity of the storm.
The collection and reporting of precipitation data from Birch Hill
Dam and Tully Lake is the responsibility of the project managers.
The managers also receive calls from observers in the watershed.

The Reservoir Control Center periodically reviews network ar-
rangements to insure that an adequate reporting network is main-
tained. The River Forecast Center in Hartford, Connecticut receives
precipitation reports from observers in and near the Millers River
watershed, which are made available to RCC upon request. In addi-
tion, cooperative reporting procedures from all Corps dams have been
established with the River Forecast Center and have been detailed in
separate memos to each project manager. Locations of the NED and the
National Weather Service precipitation stations are shown on plate F-3.

18.  RIVER REPORTING NETWORK

a. General. A network of river stage observation stations,
which is part of an overall river reporting system for the Connecticut
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River basin has been established. This network assists in the execu-
tion of the reservoir regulation plan by permitting personnel in RCC

or at the dams to obtain river stages at selected key index stations

located either on tributaries or on the Connecticut River.

b. River reporting system. The river reporting system in the
Millers River watershed consists principally of the following sta-
tions, listed in downstream order: (1) the staff gage at the Main
Street bridge at Athol, (2) the staff gage located just upstream of
the Main Street bridge in Orange and (3) the USGS recording gage at
Erving. The locations of these stations are indicated on plate F-3.
These observations are obtained by the project managers. The Montague
City and Springfield telemarks on the Connecticut River are also used
in the river reporting system. Complete information concerning other
key locations along the Connecticut River and its tributaries are
obtained from other project managers of flood control projects and
the River Forecast Center.

19. AUTOMATIC HYDROLOGIC RADIO REPORTING NETWORK

The effective regulation of flood control projects in New England,
consisting of 35 flood control dams and 4 hurricane barriers, requires
a reliable and rapid method of collecting and coordinating hydrologic
data by the Reservoir Control Center. In January 1970, the installa-
tion of an Automatic Hydrologic Radio Reporting Network was completed.

Radio gaging stations have been established at the following
locations in the Connecticut River basin:

Passumpsic River at Passumpsic, Vermont
Connecticut River at Wells River, Vermont

White River at West Hartford, Vermont

Connecticut River at White River Junction, Vermont
Connecticut River at North Walpole, New Hampshire

Deerfield River at West Deerfield, Massachusetts
Connecticut River at Montague City, Massachusetts
Conant Brook at Monson, Massachusetts

Chicopee River at Indian Orchard, Massachusetts
Westfield River at Westfield, Massachusetts

Connecticut River at Springfield, Massachusetts
Mad River Lake at Winchester, Connecticut
Farmington River at Collinsville, Connecticut
Farmington River at Rainbow, Connecticut
Connecticut River at Hartford, Connecticut
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Details of the computer controlled radio hydrologic reporting
network are covered in the “Guidance Memorandum, Reservoir Control
Center," dated September 1971 and will also be covered in the "Con-
necticut River Master Manual of Reservoir Regulation."

20. REPORTS

a. Weekly reports. The project manager makes a routine report
by radio (or telephone] to RCC each Friday morning. This report
insures continuous contact between the operating personnel and the
RCC and also serves as a check on the communications network. The
report includes the preceding 24-hour precipitation, current weather
conditions, reservoir pool stage, regulation data, river conditions
at index stations, and other miscellaneous data. A sample of the
completed form is shown on plate F-42.

b. Alerting reports. An alerting report is promptly made and
includes pertinent data that is readily available along with a gen-
eral appraisal of local conditions although data from all the pre-
cipitation or flood index stations may not be available. Whenever
any of the following conditions occur, the manager will immediately
notify RCC: A

(1) Precipitation. Occurrence of 1 inch precipitation
during any 24-hour period at either Birch Hi11l Dam or Tully Lake
or at any precipitation stations within the watershed or vicinity.

(2) Reservoir stages.

(a) Nonfreezing season. A reservoir stage of 6 feet
and rising at Birch HiTl Dam or a reservoir stage of 19 feet and rising
at Tully Lake.

(b) Freezing season. A reservoir stage of 6 feet and
rising at Birch Hi1l Dam or a reservoir stage of 15 feet and rising
at Tully Lake. ¢

(3) River stages. Whenever the Millers River at the Main
Street gage in Athol rises to a stage of 0 feet and is rising.

(4) Unusual conditions. Unusual local conditions such as
difficulty with the gates, ice jams, excessive debris, bridge fail-
ures, etc., will be reported.

c. Supplemental reports. Supplemental radio (or telephone)
reports are made to RCC by the manager either following instructions
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from RCC or if it appears that flood conditions might develop in the
watershed as the result of melting snow, ice jams, dam failures or
heavy localized rainfall. The time and frequency of these reports
are dependent upon the severity of conditions and specific instruc-
tions from RCC. Plate F-43 shows a typical reporting log which in-
dicates the data to be included in reports by the project manager
during flood periods. Insofar as practicable, the following infor-
mation is included in the flood report to RCC.

(1) Precipitation at dam. The total amount of precipita-
tion which has fallen up to the time of reporting and several inter-
mediate amounts with times of observation.

(2) Reservoir stage. The pool stage at time of reporting
and several previous readings with corresponding times to determine
the rate of rise and define the inflow hydrograph. Accurate readings
of stage and time are essential to facilitate computations by RCC
(see plates F-44 through F-46, inclusive).

(3) Gate positions. Gate openings and discharges at time
of reporting and at beginning of storm. Any gate changes since pre-
ceding report should be included with corresponding stage and discharge.

(4) Precipitation reports from observers. Rainfall data
received from cooperative obse'vers.

(5) River stages. Millers River stages with times of obser-
vations from gages at Athol, Orange and Erving as requested by RCC.

(6) Snow cover. General snow cover which may affect run-
off conditions throughout the basin.

(7) Miscellaneous data. Any other information which might
be pertinent such as temperature, etc.

d. Special reports. A special report is submitted by the man-
ager to RCC whenever unusual circumstances occur during a flood or
as requested by RCC. The report may be written in longhand and should
describe the subjects outlined below if appropriate.

(1) Observations at dam. The manager makes general obser-
vations of conditions occurring at the outlet works as listed on the
following page. The observations are entered in the log book at the
dam. If possible, photographs are taken of any unusual conditions,
noting the date, time, the reservoir gage heights and position of the gates.
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(a) Extent and action of eddies and waves in the vicin-
ity of the conduit intakes and portals.

(b) Extent and action of turbulence or eddies downstream
of the spillway and outlet works.

(c) Effect on the flow through the gates due to an ac-
cumulation of ice or debris at the intake.

(d) The pool elevation and position of the gates at
which vibration may develop.

(e) Any other unusual hydraulic phenomena that may occur.

(2) Observations at downstream control points. During peri-
ods of reservoir regulation, particularly while emptying the reservoir,
reconnaissance of downstream conditions 1is made by either or both man-
agers, upon specific authorization of RCC, to obtain further data on
the safe channel capacity in any of the downstream damage areas or
control points on the Millers or Connecticut Rivers.

e. Snow survey reports. Snow courses have been established at
selected locations within the reservoir watershed. Weekly surveys
are made by the managers during the winter and early spring to deter-
mine the depth of snow and its equivalent water content. Dates for
surveys are established each year by RCC so as to correspond with
monthly bulletins of the U.S. Geological Survey and supplemental data
from power companies. The report will contain the name of the station,
the snow depth and water equivalent.

f. Hartford River Forecast Center report. The project manager
at Birch Hill Dam or Tully Lake will make a daily telephone call at
0815 hours to the Hartford River Forecast Center for the purpose of
transferring hydrologic and climatologic conditions at the reservoirs
to the National Weather Service. This data is used to develop a Millers
River headwater statement. The statement is transmitted to RCC twice
weekly and gives the amount of rainfall in six hours required to pro-
duce runoff varying from .25 to 5 inches into our reservoirs. The
following parameters will be reported on a 7-day basis:

Dam Depth of new snow

Date Total depth of snow

Time of observation Temperature - maximum preceding 24 hours
Precipitation (24-hour) Temperature - minimum preceding 24 hours
Form precipitation Temperature - current

Present weather

39

LY.L TTT3 A Qi smv s A



21. SPECIAL ADVISORIES

In accordance with regulations set forth in EM 500-1-1, "Domestic
Emergency Operations," and the "Guidance Memorandum, Reservoir Control
Center," special advisories from RCC on flood potential and progress
of all threatening storms are submitted to the Division Engineer and
to the Chiefs of Engineering and Operations Division. Flood reports
are also prepared for OCE by the Reservoir Control Center.

22. MAINTENANCE OF LOG

A11 reports, instructions, records of unusual circumstances at
the dam, and information pertinent to regulation of the reservoir are
entered in the logs. A log is maintained by both the project manager
and Reservoir Control Center.

23. GATE OPERATION RECORD

A1l gate operations are carefully noted on NED Form 90, a sample
of which is shown on plate F-47 and submitted biweekly to RCC. Al1l
operations are noted regardless of the duration of the change in gate
position. The report includes data and time of day, reservoir stage,
outflow, precipitation, gate opening, tailwater reading and remarks
column. RCC personnel utilize the Form 90's in the preparation of
the monthly charts of reservoir regulation.
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CHAPTER V
HYDROLOGIC FORECASTS

24. NATIONAL WEATHER SERVICE

a. Weather forecasts. The National Weather Service in Boston,
Massachusetts i1s responsible for issuing daily weather forecasts for
public dissemination through the news media. These reports are re-
ceived at RCC approximately four times each day on the Weather Service
teletype loop.

b. Precipitation forecasts. In addition to the normal weather
forecasts, quantitative precipitation forecasts are received daily by
RCC. Supplemental weather information and forecasts prior to or dur-
ing floods are made available upon request.

c. River forecasts. The River Forecast Center at Hartford, Con-
necticut is responsible for preparing and disseminating flood fore-
casts for the Connecticut River and some of the principal tributaries.
The Center also prepares and transmits biweekly forecasts by teletype
to RCC indicating the amount of 6-hour rainfall necessary to produce
runoff varying from .25 to 5 inches into our reservoirs and the amount
of rainfall required to produce flood conditions on selected tributaries
below our projects. Although flood forecasts are not specifically given
for the Millers River, they are given for nearby watersheds and are in-
dicative of hydrologic conditions in the area. Flood forecasts are
also given for the Connecticut River at the following locations: North
Walpole, Montague City, Springfield and Hartford.

25. CORPS OF ENGINEERS

a. Millers River forecasts. During flood periods in the Millers
River watershed, the Birch Hill and Tully reservoirs are operated
principally to protect the downstream community of Athol. The flat
gradient of the Millers River, and the construction of the Mortons
Meadow Housing Development in the Athol flood plain in the late 50's
has resulted in a limited non-damaging channel capacity of only 3,100
cfs, equivalent to 11 csm. The two reservoirs control 80 percent of
the drainage area at Athol, 71 percent at Orange, and 60 percent at
the Erving gage. Operating experience for the past 30 years has shown
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that the regulation of the reservoirs for Athol results in providing
protection to all other downstream locations, where channel capaci-
ties are much greater, for example, 6,000 cfs at Erving.

During a flood period the Tully reservoir manager continually
monitors river stages at the Main Street gage as directed by RCC
(it takes him about 15 minutes to drive to the gage). The high flow
travel time from Tully Lake to the Athol gage is 2-3 hours, from
Birch Hil1l Dam, 4-5 hours. Taking into consideration these hydro-
logic characteristics of the Millers watershed and the fact that RCC
continually receives weather forecasts, National Weather Service juan-
titative precipitation forecasts and flood forecasts, data from the
automatic hydrologic radio reporting system and the other 25 manned
dams, it has not been considered necessary to develop a specific flood
forecasting procedure for the Millers River.

b. Future flood forecasts. The Master Manual for the Connecti-
cut River basin has been initiated and will include procedures for
Connecticut River flood forecasting and releasing of stored waters
from the entire reservoir system during the recession of the flood.

In December 1971, the Reservoir Control Center requested the
Hydrologic Engineering Center to initiate studies to develop a flood
forecasting technique for the Merrimack River basin based on "real
time" data collected from the Automatic Radio Reporting Network, flood
control dams and other sources. Results and findings of this study,
scheduled for completion in FY 1976, will be utilized in determining
forecast procedures for the Connecticut River basin.
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CHAPTER VI
RESERVOIR REGULATION

26. PLAN - GENERAL OBJECTIVES

The general objective of the regulation procedures for the Mil-
lers River watershed is to provide a comprehensive tool for guiding
those responsible for operating Birch Hill Dam and Tully Lake in ac-
complishing the missions for which these projects were authorized.
This plan will allow for the most efficient protection of immediate
downstream communities on the Millers River and comunities further
downstream on the Connecticut River. This plan will make efficient
use of water available on a seasonal basis for recreation at Tully
Lake without adversely affecting the flood storing capability of the
lake.

27. NONFREEZING SEASON
a. Birch Hill Dam. This project was authorized as a dry bed

reservoir. The normal gate opening during the nonfreezing season
is 4'-4'-4'-4",

b. Tully Lake. A seasonal recreation pool will be maintained,
following the snowmelt in the spring until mid-September, at about
16 feet (elevation 641 feet msl?. One gate will be completely closed
and the other throttled, depending on the inflow into the reservoir.

28. FREEZING SEASON

a. Birch Hill Dam. A winter pool will not be maintained. Dur-
ing cold weather the flood control gates will be operated daily to
prevent them from freezing. The normal gate setting during the freezing
season is 3'-3'-3'-3'.

b. Tully Lake. A winter pool will be maintained at about stage
11 feet (elevation 636 feet ms1) to prevent the flood control gates
from freezing. One gate will be completely closed and the other opened
to maintain a constant pool. The Reservoir Control Center will instruct
the project manager when the winter pool is to be established in the
fall, and raised in the spring.
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29. FLOOD CONTROL

a. Objective. The flood control objectives of both Birch Hill
Dam and Tully Lake are directed to provide flood protection to Athol,
Orange and other downstream communities on the Millers River and, sec-
ondarily, in conjunction with other flood control reservoirs in the
Connecticut River basin, to alleviate flooding downstream communities
on the main stem of the Connecticut River.

b. Operating constraints.

(1) Minimum releases. A minimum release of about 10 to 20
cfs must be maintained from both projects during periods of regula-
tion in order to sustain downstream fish 1life.

(2) Flowage easements. The original authorizations for
both Birch Hi1T and Tully allowed for flowage easements only to spill-
way crest (Birch Hill 852 feet ms1 = 37 foot stage; Tully 668 feet
ms1 = 43 foot stage). Therefore, during a severe flood the possibility
exists of causing damage upstream of Birch Hill at the sewage treatment
facility in Winchendon and in the community of Baldwinville on the
Otter River. A plan view of the dike system surrounding the sewage
treatment facility is shown on plate F-59. The sludge beds begin to be
inundated when the Birch Hi11 pool reaches spillway crest elevation.
A decision will have to be made to either utilize surcharge storage
or to increase regulated discharges to prevent surcharge storage and
possibly result in downstream damage. There are no problem areas
immediately above spillway crest at Tully Lake.

(3) Recreation area.

(a) Birch Hi1l Dam. The Lake Dennison recreation facil-
ity is comprised of 82-acre Lake Dennison, 200-acre camping facility,
150 tent or trailer sites and 7 sanitary facilities. If possible, con-
sideration should be given to try and prevent inundation of these
facilities. The lake surface elevation is 821 feet msl1 (6-foot stage),
however, damages do not begin until approximately 825 feet ms1 (10-
foot stage) when the pool inundates the lowest lavatory. The proj-
ect manager should consider notifying the Massachusetts Department of
Natural Resources personnel at the camping site at a stage of 10 feet
and rising, that the pool is rising and could cause difficulties at
the campgrounds.

(b) Tully Lake. There are no structures in the reser-
voir area that cause operating constraints.
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30. FLOOD PERIOD

a. General. Regulation of flows from Birch Hi1l Dam and Tully
Lake are initiated for heavy rainfall occurring over the Millers River
watershed and also for specific river stages at key Millers and Con-
necticut River index stations. Regulation may be considered in three
phases during the course of a flood: Phase I, the appraisal of storm
and river conditions during the development of the flood leading to
the initial regulation; Phase II, regulation of projects while the
Millers River and/or Connecticut River floodflows crest and move down-
stream; Phase III, emptying the reservoir following the downstream
recession of the flood. The standard operating procedures (SOP) for
regulating the reservoirs are shown on plate F-48.

b. Phase 1 - Initial regulation of discharge. During this phase
it is important to collect rainfall and discharge data in order to
appraise the development and magnitude of a flood in the basin. Gate
operations at Birch Hi1l Dam and Tully Lake will be initiated to re-
strict the reservoir discharge in accordance with the SOP shown on
plate F-48. The portion of the total to be released from each reser-
voir will be as directed by the RCC.

Consideration will be given to partial closure of the gates at
both projects (Birch Hi11 1'-1'-1'-1'; Tully 0'-1') for any of the
following conditions:

(1) Whenever a rainfall of two inches on snow-covered, wet
or frozen ground, or three inches on dry ground occurs within a 24-
hour period at either dam or at any station within the Millers River
watershed or vicinity.

(2) Whenever the stage at the Main Street bridge staff gage
at Athol reaches 1.5 feet during the growing season or 2.0 feet dur-
ing the non-growing season and is rising. A stage-discharge curve is
shown on plate F-49,

(3) To restrict the contribution from the reservoirs when
the Connecticut River at Montague City approaches a stage of 25 feet
during the growing season and 28 feet during the non-growing season.

c. Phase II - Continuation of regulation. An important regula-
tion activity during this period is the collection of hydrologic data
such as (1) precipitation amounts throughout the entire watershed as
well as surrounding areas; (2) snow cover and water content in case
of spring floods; (3) stage and discharge values at downstream control
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points; (4) other pertinent data which would assist in the regulation.
During this phase, the reservoir discharge is regulated to reduce down-
stream flooding on the Millers and Connecticut Rivers.

As a flood develops, considerable judgment and experience are
necessary to vary the regulation in accordance with the amount of
residual reservoir storages at Birch Hill and Tully, river stages at
Athol and Orange, water content of the snow remaining in the water-
shed, if any, and weather forecasts. In general, the continuation
of regulation will be governed principally by the reservoir pool stages
and the stage at the Main Street bridge at Athol.

Secondary river rises from additional rainfall or snowmelt will
be considered applicable to Phase II. With rising stages at the Main
Street bridge in Athol, consideration will be given to the travel
times from the dams to Athol in order to anticipate river stages.
Approximate peak travel times to Athol from Birch Hill Dam and from
Tully Lake are about 5 and 3 hours, respectively.

The preceding conditions will usually govern the continuation of
regulation in Phase II, but in some cases flood conditions on the Con-
necticut River will be the controlling factor. Regulation in Phase II
will continue until the RCC has determined that the flood peak has
passed Montague City and no longer poses any danger to the immediate
areas on the Millers and Connecticut Rivers. Approximate travel times
for the watershed are given on page i and on the Standard Operating
Procedures (SOP), plate F-48.

Consideration will be given to complete closure of the gates at
both projects (Birch Hil11 0'-0'-0'-0.1'; Tully 0'-0.1') for anv of the
following conditions:

(1) Whenever a rainfall of three inches on snow-covered,
wet or frozen ground, or four inches on dry ground occurs within a
24-hour period at any station within the watershed.

(2) Whenever the stage at the Majn Street bridge staff gage
at Athol reaches 3.0 feet.

(3) Whenever the Connecticut River at Montague City approaches
a stage of 26 feet during the growing season and 30 feet during the
non-growing season.

Three New England Power Company hydroelectric plants (Wilder,
Bellows Falls and Vernon) on the main stem of the Connecticut River
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are affected by controlled releases from flood control reservoirs
operated by the Corps. Only Wilder can release large amounts from
storage that could significantly affect Corps operations. Releases
by the Corps and the New England Power Company will be coordinated
during flood periods.

d. Phase III - Emptying the reservoirs. Following the reces-
sion of the flood peaks at downstream index stations of the Millers
River, the reservoirs will be emptied as rapidly as possible. The
contribution of each reservoir to this total will be as directed by
RCC. The following river stages will also govern the release rates
from both reservoirs.

(1) Athol gage. This staff gage is located on the down-
stream side of the Main Street bridge, Millers River in Athol. The

Morton Meadows Housing Development for the Elderly, located about

1,500 feet downstream from the bridge, consists of 5 units of 6 apart-
ments each and is an operating constraint. A photograph of the housing
development is shown on plate F-50.

Stage in Feet

1.5 Beginning of damage to crops in growing season.

3.0 Highest stage for normal conditions. Attain this stage
at least once each year if runoff conditions are favor-
able. Notify Morton Meadows Housing Development to
reassure citizens that the Corps realizes high flows
exist.

3.3 Should not be exceeded except for unusual event. Access
roads are just inundated. Have project managers maintain
communications with elderly residents.

3.8 Only for a critical flood situation.

4.0 About one foot below floor of Towest unit of Morton
Meadows Housing Development. Utility crawl space under
building flooded.

(2) Orange gage. This staff gage is located on the upstream
side of the Main Street bridge, Millers River, Orange, Massachusetts.

Stage = 3.5 feet Normal maximum stage.
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(3) Erving gage. This USGS recording gage is located on
the right bank of the Millers River 75 feet downstream from the
bridge at Farley, Massachusetts and 2.4 miles downstream from Erving,
Massachusetts.

Stage = 6.5 feet Normal maximum stage rep-
resenting a flow of 4,600 cfs -
12 csm.

(4) Montague City gage. This gage is located on the left
bank of the Connecticut River 75 feet downstream from the Penn. Central
Railroad bridge at Montague City, Massachusetts and 7.2 miles downstream
from the confluence of the Millers and Connecticut Rivers.

Stage = 26 feet beginning of flood damage during
summer growing season.

30 feet beginning of flood damage during
non-growing season.

The rate of increase in reservoir discharge from Birch Hill Dam
shall not exceed 500 cfs per hour up to 2,000 cfs and 200 cfs per
hour over 2,000 cfs. The maximum rate of reservoir drawdown should
not exceed 5 feet per 24 hours. The rate of increase in reservoir
discharge from Tully Lake shall not exceed 200 cfs per hour up to
600 cfs and 50 cfs per hour over 600 cfs, with the maximum rate of
drawdown not to exceed 5 feet per 24 hours. Outlet rating curves for
Birch Hi1l Dam and Tully Lake are shown on plates F-51 through F-54.
Following the emptying of the reservoirs, the gates will be set at
their normal openings.

Discharge of the water stored at Birch Hi1l Dam and Tully Lake
will be coordinated with releases from other projects in the system
in a manner that will allow the Connecticut River flood crests to
continue receding. This subject will be described in detail in the
"Master Regulation Manual for the Connecticut River Basin."

With the Birch Hill reservoir pool at spillway crest, an inflow
of 3 csm (525 cfs) and an outflow of 2,800 cfs, it would require about
10 days to empty the reservoir. With the Tully reservoir pool at
spillway crest elevation, an inflow of 3 csm (150 cfs) and an out-
flow of 800 cfs, it would take about 15 days to empty the flood con-
trol pool.

Secondary river rises during Phase III, due to either additional

rainfall or snowmelt, may result in the regulation procedures reverting
to Phase II.
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(5) Safe downstream channel capacities. The maximum safe
channel capacity immediately downstream of Birch Hill Dam is 2,800
cfs during the non-growing season and about 2,000 cfs during the growing
season. The safe capacity downstream of Tully Lake is about 800 cfs
and 650 cfs, respectively. If possible, from a hydrologic viewpoint,
releases from each project should reach these maximum figures annually
at each project. In order to accomplish this, flows at one project
will have to be reduced permitting the other to reach its safe maximum
capacity. Care should be taken at all times not to cause damaging flows
in Athol.

e. Regulation for snowmelt. Moderately high springtime discharges
can occur as a result of melting snow, but runoff from this source alone
has not caused major flooding. The snow cover in the Tower elevations
of Massachusetts and Connecticut usually diminishes before melting takes
place in the northern areas of Vermont and New Hampshire. However,
the potential snowmelt flood threat period on the Connecticut River
and its tributaries is prolonged and generally occurs in March and
April because of high riverflows and saturated ground conditions.

Active snowmelt begins when the density of the snowpack rises
above 30 percent, i.e., a 10-inch depth of snow having 3 inches of
water equivalent. RCC has not developed precise correlations re-
garding high temperatures-snow density-peak runoff relationships for
each tributary. However, operating experience has indicated that
after the snowpack becomes "ripe," several days of maximum temper-
atures in the 50's and 60's would result in flows of up to 8 to 10
csm in the main stem of the Millers River, and discharges up to 20
csm from the smaller, steeper tributaries in the watershed. The
runoff from snowmelt alone is diurnal, orderly and gradual, and reg-
ulation by RCC personnel will not necessarily follow the release
guides established for runoff associated with rainfall. Regulation
during periods of snowmelt alone generally will be based on maintaining
releases consistent with full downstream channel capacities.

f. Spillway discharge. Ordinarily, during a major flood, the
gates will not be opened to avoid spillway discharge. Surcharge stor-
age above the spillway crest will be utilized if the downstream chan-
nel capacity continues to be exceeded by the runoff from uncontrolled
areas. However, due to the lack of flowage easements above spillway
crest at both projects, surcharge storage will be utilized only under
severe downstream flooding conditions. It will be necessary to deter-
mine which method of operation during a particular flood event will
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afford protection for the largest number of people and their property,
that is either utilizing surcharge storage or increasing release rates.
If the stage in either reservoir continues to rise above the crest
with the possibility of the pool rising to the maximum design sur-
charge, the following schedule will be used as a guide for gate re-
leases during spillway discharges.

Birch Hill Dam Tully Lake
Pool Stage Gate Openings Pool Stage Gate Openings
37 0'-0'-0'-0.1' 43 0'-0.1"
40 2'-2'-2'-2" 48 2'-2!
41 4'-4'-4'-4' 49 3'.3"
42 6'-6'-6'-6" 50 4'-4’
43 12'-12'-12'-12' 51 6'-6'
(Fully Open) (Fully Open)

The spillway rating curves are shown on plates F-55 and F-56.

g. Alerting of flood affected populace. Whenever it is anti-
cipated that either reservoir will rise above spillway crest eleva-
tion during an extreme flood, the project manager will notify the
Massachusetts State Police at the Holden Barracks, and the Chiefs of
Police at Athol and Orange of the expected uncontrolled spillway dis-
charge conditions. The project manager at Birch Hill Dam will also
notify the Chiefs of Police at Winchendon and Baldwinville that por-
tions of their communities might be inundated from water backing up
from the dam.

h. Effect of regulation on roads within the reservoirs. There
are several roads that pass into or through the reservoir areas that
are subject to inundation during the storage of floodwaters. Inas-
much as public safety is involved in the use of these roads, the
project managers of these reservoirs are responsible for seeing that
these roads are barricaded whenever necessary.

(1) Birch Hill Dam. The project manager should consider
barricading roads into the reservoir area at stages of 11, 24 and
37 feet. During the winter months the 11-foot barricades should be
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closed at a stage of 9.5 feet. The locations of these barricades
are indicated on plate F-4.

(2) Tully Lake. When a rising pool approaches a stage of
22 feet, the manager will barricade the top and bottom of Doane Hill.
The manager will keep the barricades at both entrances to old Davis
Hi1l Road, which has a bridge out, permanently closed. Barrier loca-
tions are shown on plate F-5.

31. EXTRAORDINARY FLOOD CONDITIONS

It is conceivable that extraordinary circumstances or unpredict-
able flood conditions may arise such as a possibility of drowning,
dam or bridge failures, highway or railroad washouts, ice jams or
debris deposits. Since the purpose of the reservoirs is to help save
lives and prevent or reduce damage, regulation during such unusual
conditions may not follow previously described rules but will be
governed by the urgency of the circumstances. During such conditions
the project manager has full authority to act immediately in the public
interest. RCC will be notified as soon as possible of any unusual in-
cident so that additional action may be taken to provide maximum pro-
tection.

32. REGULATION WITH FAILURE OF COMMUNICATION

Should both the Birch Hill and Tully project managers be unable
to contact RCC when a flood is developing, the Birch Hill project man-
ager has full authority to act promptly in accordance with the instruc-
tions contained in the SOP and will direct the regulation of both
reservoirs until communications can be established. Should the proj-
ect manager at Birch Hill be unavailable for duty, the Tully project
manager will direct the regulation of both projects according to the
SOP. Refer to plate F-48 and paragraph 30. It should be emphasized
that whenever communications fail, or due to lack of adequate reports,
and it is impossible to fully appraise the runoff from an intense storm;
then it is preferable for either manager to immediately restrict or
compietely stop the reservoir discharge than to delay regulation and
actually contribute to downstream flood conditions.

In cases of extreme emergency, the manager shall attempt to com-
municate with RCC through the Massachusetts State Police and the office
of Civil Defense Mobilization radio networks. In addition, all hydro-
logic radio reporting stations have radios that transmit directly to
RCC. Paragraph 19 gives the location of these stations.
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The Birch Hi1l project manager will regulate the discharges
from both reservoirs during Phase I. In case of doubt as to whether
a partial or complete gate closure should be made, the gates will be
closed completely whenever the severity of the storm and/or lack of
information concerning downstream conditions warrant such action.

In the event that the Tully project manager is unable to contact
either RCC or the Birch Hill project manager by phone, he or his as-
sistant will drive to Birch Hill Dam to report on flood conditions.
Should conditions be such that immediate reduction of the Tully Lake
outflow is essential, the Tully project manager has full authority to
make the necessary gate adjustments prior to reporting to Birch Hill.
Releases for emptying the reservoirs will not be made until contact
has been established with RCC. Possession of the instructions con-
tained in this manual does not relieve the project manager of his
responsibility for continued efforts to communicate with RCC.

33. EMERGENCY OPERATING PROCEDURES (EOP)

When unable to contact RCC and flood conditions develop, the flood
control dam operators have full authority to regulate the gate openings
in accordance with instructions as follows:

EMERGENCY OPERATING PROCEDURES

a. Partial gate closure for any of the following conditions:

Birch Hill Tully
Non-growing Growing Non-growing Growing
Season Season Season Season
Gate Settings 1'-1'-1"'-1" 1'-1'-1"'-1" 0'-1' 0'-1'
(1) Rainfall during a
24-hour period.
snow-covered, wet
or frozen ground 1.5" 1.5" 1.5" 1.5"
dry ground 2.0" 2.0" 2.0" 2.0"
(2) Stage, Millers R. at 2.0' 1.5' 2.0' 1.5'
Main St. Bridge, Athol
(3) Stage, Conn. R. at 26’ 25" 26' 25!

Montague City
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b. Complete gate closure for any of the following conditions:

Birch Hill Tully
Non-growing Growing Non-growing  Growing
Season Season Season Season

Gate Settings 0'-0'-0'-0.1" 0'-0'-0'-0.1"' 0'-0.1' 0'-0.1"
(1) Rainfall during any

24-hour period.

snow-covered, wet 2" 2" 2" 2"
or frozen ground

dry ground 3" 3" 3" 3"
(2) Stage, Millers R. at 3.0' 2.0' 3.0' 2.0'

Main St. Bridge, Athol
(3) Stage, Conn. R. at 28" 28' 28' 28"

Montague City

c. Emptying the reservoir. Emptying the reservoir shall not be
initiated until contact has been established with RCC.

34. COOPERATION WITH DOWNSTREAM WATER USERS

It is the policy of the Corps of Engineers to cooperate with down-
stream water users and other interested parties or agencjes. Photo-
graphs of dams at Chase Machine Company and Lake Rohunta are shown on
plates F-60 and F-50, respectively. The locations of these dams are
shown on watershed map (plate F-3) and watershed profiles (plate F-24).
The manager may be requested by downstream users to deviate from normal
regulation for short periods of time. Whenever a request for such mod-
ification is received, the manager shall ascertain the validity of the
request and obtain assurance from other downstream water users that
they are agreeable to the proposed operation. The operator will then
relay the information to RCC and request instructions. A minimum
release from both projects for downstream fish 1ife shall always be
maintained during periods of regulation.

35. ABSENCE FROM DAM

RCC and the basin manager are notified whenever the project manager
expects to be away from the dam either overnight or for an extended period.
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36. SEDIMENTATION

Sedimentation ranges and monuments have not been installed in
the reservoir areas. Experience from other reservoir projects in
New England has shown that only minimal amounts of sedimentation can
be expected to take place.

37. FUTURE STUDIES

Post flood studies will be made of each reservoir regulation
period to determine efficiency of communications and reporting net-
works, the applicability of regulation guides, including stage-discharge
relationships, discharge correlations and flood reductions, at damage
centers.
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CHAPTER VII
HYDROLOGIC EQUIPMENT

38. PRECIPITATION GAGE

A standard weighing and recording NWS precipitation gage has
been installed at Birch Hi11 Dam. The Tully Lake project manager
has a non-recording precipitation gage at his dwelling. These gages
serve as a supplement to other NWS rainfall stations within or in
the vicinity of the Millers River watershed.

39. RESERVOIR STAGE RECORDER

The automatic float-operated water level recorders at Birch Hill
and Tully trace the water level in the reservoirs at all times. The
recording instruments should be checked each morning to assure that
the clock is keeping correct time and the pen is tracing properly.

Any discrepancies in the record as evidenced by the pen time or gage
height should be noted on the chart, and the instrument should be
reset. During periods of reservoir storage, the outside tile or staff
gage should be read to check tape readings and chart records. Should
the recorder become inoperable, RCC should be notified and arrangements
will be made to repair the instrument.

The chart record should be changed the first working day of each
week (Monday morning) at both Birch Hill and Tully, and the following
information should be noted in ink at the beginning and end of each
chart:

Outside (tile) gage reading

Pen gage height reading

Watch time

Pen time

Date and name of dam
New charts for weekly recorders should be obtained from the NED warehouse.
40. TAILWATER GAGING STATIONS

USGS gaging stations are located about 1.5 miles downstream of
Birch Hi1l and just downstream of Tully. These stations provide a
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continuous official record of releases from the dams. They are equipped
with digital-type water stage recorders and are operated and maintained
under a cooperative stream gaging program. In addition to the gage at
Tully, a remote transmitter is located at the gage and remote receiver
recorder in the gatehouse. It is essential that the gages be checked
frequently to assure proper operation. If inspection indicates a need
for repair, RCC should be notified immediately and arrangements will

be made with the USGS to have the equipment repaired.

41. TELEPHONE TRANSMITTER (TELEMARK)

The telephone transmitter on the Connecticut River at Montague
City is used for regulation in the Millers River watershed. The proj-
ect managers of Birch Hill and Tully should call the Montague City
gage at least once each month to familiarize themselves with its code.
During failure of communications, the Millers River projects must
requlate for Montague City stages. Should the telemark at Montague
City become inoperable during the monthly check, the Birch Hill proj-
ect manager should notify RCC. If the trouble cannot be determined
at the gage, the telephone company should be requested to check out
their circuits in the presence of the project manager. If the tele-
mark still is not functioning by this time, RCC should be notified
and NED or USGS personnel will inspect the gaging station.

Batteries for the ADR-BDT equipment at the Montague City gage
will be furnished and installed by the USGS.

42. SNOW SAMPLING SET

A snow sampling set has been assigned to the project manager at
Birch Hill. Snow surveys will be carried out by the project managers
and their assistants from both Birch Hill and Tully. Procedures for
obtaining snow survey data should follow instructions set forth in
“"Snow Sampling Guide, Department of Agriculture, Handbook 1960." If
given proper care, the only maintenance required would be occasional
replacement of wornout cutterheads.
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ANNUAL PRECIPITATION
M E

0
{Depth in Inches)

BIRCH HILL DAM TULLY LAKE
WINCHENDON, MASS. ROYALSTON, MASS. ROYALSTON, MASS. TURNERS FALLS, MASS.
(ETevation 1,020 ft msT) {ETeévation B30 Tt msT) mm Tmm
CALENDAR 77 Years of Record 22 Years of Record 21 Years of Record 71 Years of Record
YEAR Through 1970 Through 1970 Through 1970 Through 1970
1890
1891
1892
1893 37.64
1894 31.3) 27.66(2)
1895 40.14 35.00
1896 37.27 37.04
1897 51.14
1898 50.64
1899 35.06
1900 48.44
1901 45.97
1902 46,05 L
1903 43,13 37.45
1904 40.40 39.44
1905 4).88 36.54
1906 37.65 42.48
1907 a0 44,14
1908 30.72 36.68
1909 38.7 44.10
1910 33.25 34.56
190 38.30 42.79
1912 37.26 39.36
1913 37.01 33.28
1914 35.12 31.48
1915 44.02 49 .54
1916 45.93 43.79
1917 43,14 38.71
1918 40.12 35.32
1919 44.83 38.58
1920 54.79 e
192) 44,35 43.18
1922 52.15 39.26
1923 48,7 33.43
1924 35.20 28.95
1925 4505 s
1926 38.69 33.70
1927 48.94 42.53
1928 43.87 42.69
1929 38.85 36.07
1930 33.30 33.3
1931 39.99 38.62
1932 40.05 38.16
1933 48.37 42.37
1934 45.25 45.34
1935 38.03 35.04
1936 49,56 44.41
1937 49,95 49.91
1938 59.98(1) 55.18(1)
1939 32.08 36.57
1940 42.10 45.16
1941 29.08 29.17
1942 45.17 51.06
1943 41,28 40.70
1944 37.18 26.34
1945 43.46 53.25
1946 39.13 40.34
1947 35.31 43.42
1948 39.70 40.85
1949 34,24 32.33 35.75
1950 39.83 40.51 42,75 44.44
1951 50.69 49.60 54.28(1) 52.91
1952 39.09 36.88 39.93 44.25
1953 49.54 46.82 51.62 49.08
1954 48.20 41.68 45,54 47.10
1955 42.35 42.24 47.42 52,54
1956 39.67 36.23 37.44 41.74
1957 37.56 31.09 35.86 32.72
1958 39.96 35.21 39.62 37.29
1959 47.84 42.69 49.13 46.22
1960 55.69 50.43(1) 51.97 45.79
1961 44,50 36.63 36.10 34.48
1962 39.56 34.91 38.23 36.26
1963 34,34 28,78 32.5) 31.23
1964 30.62 26.73 27.67(2) 30.75
1965 28.26(2) 25.91(2) 31,09 33,07
1966 36.20 29.43 32.94 35.20
1967 44,56 39.39 43.24 43.28
1968 38.79 38.79 40.53 42.92
1969 48.33 41,85 45.53 50.23
1970 42.09 37.27 39.07 36.62
MEAN 41.69 37.52 41.07 40.32

(1) Maximum annual precipitation for period of record.
(2) Minimum annual precipitation for period of record.
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NEAR WINCHENDON, MASS.
D.A. = 19.4 SQ. MI.

WATER YEAR

1914
1915
1916
1917
1918

1919
1920
1921
1922
1923

1924
1925
1926
1927
1928

1929
1930
1931
1932
1933

1934
1935
1936
1937
1938

1939
1940
1941
1942
1943

1944
1945
1946
1947
1948

1949
1950
1951
1952
1953

1954
1955
1956
1957
1958

1959
1960
1961
1962
1963

1964
1965
1966
1967
1968

1969
1970

(3}

(4)

AVERAGE

Al e BPr o o P vy

Wh il

PR

cFs

3 4

IEST BROOK

1916-1970
INCHES

25.81

g,

26.95
34.90
28.18
33.05
21.19

26.85
16.06
18.35
20.53
39.86

23,85
10.03
16.38
15.87
25.37

21.75
23.27
24.67
24.29
34.98

24.69
24,10
11.84
18.91
23.02

20.35
28.42
23.56
19.72
23.79

14.74
18.82
30.47
32.00
26.81

24.27
24.38
30.36
15.59
24.04

19.35
34.63
20.76
15.33
15.99

15.43

5.73
12.47
21.50
20.16

25.62
27.26

d 0 22.76

ANNUAL RUNOFF
MILLERS RIVER WATERSHED

MILLERS-RIVER

CFs

330

295
396
331
274
325

244
220
370
414
377

346
336
457
223
333

257
(3) 490
347
263
251

238
(4) 102
158
310
303

328
366

304

AT SOUTH ROYALSTON, MASS.(1)

D.A. =187 SQ. MI.

1940-1970
INCHES

23.05
13.65
17.72
23.94

21.46
28.76
24.01
19.90
23.61

17.67
15.95
26.88
30.14
27.39

25.12
24.38
33.26
16.20
24.17

18.65
35.63
25.15
19.08
18.21

17.36

7.39
11.46
22.51
22.09

23.82
26.56

22.10

EAST BRANCH
TULLY RIVER

NEAR ATHOL, -
D.A. = 50.4 SQ. MI.
1916-1970
CFS INCHES
9 24.69
81 21.86
90 26.33
119 32.14
101 27.45
18 31.85
73 19.76
86 23.35
65 17.58
69 18.73
75 20.20

(3) 140 38.10
79 21.37
38 10.35
53 14.24
59 16.04
92 24.89
91 24.75
88 23.87
90 24.53
91 24.87

126 34.35
87 23.79
82 22.14
46 12.30
64 17.31
84 22.67
75 20.39
102 27.45
82 22.03
70 18.87
83 22.43
57 15.32
68 18.21
100 26.97
12 30.13
89 24.00
79 21.35
81 21.89
95 25.60
51 13.70
75 20.20
58 15.68
18 31.89
75 20.12
49 13.11
58 15.54
53 14.25

(4) 23 6.18
a4 1.7
75 20.27
72 19.34
83 122.44
94 25.47
80 21.52

(1) Runoff adjusted for thange in contents in reservoir
storage at Birch Hill Dam and/or Tully Lake.
(2) Gage relocated 2.5 miles downstream.
375 sq. mi. (prior to 1 Jan 1939, 370 sq. mi.)

23) Maximum annual runoff for period of record.
4) Minimum annual runoff for period of record.

ie Alharimane FRAFE RA vAarmiAn san navadnss

Drainage area

~1

LA

(3) 1
(2)

(4)

MILLERS RIVER
, MASS.
D.A. = 375 SQ. MI.

1914-1970
CFS INCHES
a7 17.29
755 27.61
646 23.57
528 19.24
595 21.71
813 29.67
782 28.54
837 30.54
606 22.14
630 23.05
438 15.99
513 18.72
511 18.66
948 34.69
657 23.96
297 10.84
47 15.21
482 17.59
76 26.07
691 25.33
671 24.58
715 26.33
m 26.09
,012 37.14
665 24.19
621 22.52
49 17.76
354 12.80
650 23.54
558 20.26
765 27.70
632 22.88
548 19.86
632 22.94
447 16.17
459 16.64
753 27.21
828 30.05
745 26.99
643 23.28
664 24.04
821 29.78
429 15.50
627 22.72
480 17.38
917 33.30
621 22.47
454 16.45
448 16.22
433 15.70
196 7.08
301 10.89
595 21.57
569 20.66
621 22.47
731 26.47
610 22.18

PLATE F-28
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(Rev. 2-67) | .é.:owolcxlg _S‘un;r:v (@vun nséunc:s DIVISION)
Rating table for ,__,,C.o.nng_cfc_l'.c.u_t_._R]'_vgr__a_t__Mgn_t_ag.ue___C.i_t_x,___M;a,_s__S.: __________________________________________________________________
from October 1, 1985 from W JSfrom
hce’l.‘gsg‘ Discharge ‘z'nff:ef hGe::nf: Discharge D::f: h%':h‘! Discharge e;ﬂ;‘: h‘;‘ﬁ( Discharge [e‘nﬁf h(;’l.‘:}ft Discharge ‘De‘nf?e‘ hf;ﬁft Discha
Feet Chi ci Fat | Cfs Cfr Feet Cfi Cfs Feer fs Cfs Fee Cfs cfs Feet Cfs
17 00 _.3_0._6_0_0._._3_69___ 19.00 _39_000__»_3'89__ 2100 [ 46800.. 400|230 [.55000 L_%_Q___zs.oo 64000 | 7380
10130960 Jaro T w0 ]39380. 380.) 042004400 | 0| 55440 1 T Ll 64480 74321
2 __3__1_.3_?_0.-__'3_'6:0_'__' 2039760 _3'33'__" 2047600 _"_]4_'_5_5_'_‘ 20 |.55880, _;;d: 2064960 | 7484(
20, 31880 [0 ] »| 40140, 380.) *180001 400 | 0] 56320 440 | |82440. | 7536(
40[32040 | 360 .,4_95.29_-._3_89__ 4 _.4.84_90__._4@__ 40 1_557_6_0__‘_440___ 4065920 | 7588¢
03280 1560 | 140900 [0 T | 48800, an.| 872001440 | 50| 66400 76400
P _;3_2__7_6_0__.__3_6_0___ 412800 o0 | w|49200 400 | «|.57640. 440 | ©|66880 76920
70 -33]20360 70 ,,4.]_6_5..(2__. 3800 ™ 1 49600 400 1.58080 440 | 167360 77440
33480. 360, ] *}-42040 1380 | }-20000 | ang | *|-38920 a0 | 167840 | 77960
0133840100 | w].42420 380.) p50400 0 | 50 [.59660 a0 | 0168320 | 78480
18.00[.35200._ 380 20.00{.42800.. 400 2200 | 50800 | 420, 2440 | 59400 .46.0_-_26 00168800 7900..
101 35580 380 ] 43200. 400 | o 151220 a0 1.59860._ 460 | o 169300 179520
20 35960 380 | 1143600 400 | | 5164Q 420 ] 60320 60| 169800, 180040
wp83401 g0 1 044000 [0y T sl 520800 T ’_QQZB_O._ s60.| 79300 80560
36720 380 ) (444000 | w0 | 52480, a2q | #0]-81240 460.] “]70800 81080
5037100 lago.) 01448001, 1 sl 52000 420 817000 4o | 50171300 81600
O gag | 145200 La00 | 00533200 450 T o] 62260. 60| 71800 82120
70137860 | 380.. 701.45600 400 ] ™ 1 53740 420 | o0 62620 460 | 723005 82640
o #}38240. 380 *[-46900 s00. | ®154160. 420 #0].63080. 60| =|72800 500 | 83160
; 9].38620 380, | 0}-46400.. 40p | 054580 ] azq. | #0|-63540. 460 173300 500 | 083680
r-r;' This table is applicable for open-channel conditions. It is based on —— discharge measurements made during .
_____ li:-_]'.s--ideatica]_‘with-rai:iug_,lsz_-abnya dadis_______________.__..._well defined between 2,000 cfs and 150,000 ofs.
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GeoLogicaL Survey (WATER RESOURCES DIVisiON)

Table No.2_(_

oS tallefo Comecticut River at Montague City, Mass. bain 351001 __
fromOctober 1, 193% Jfrom 0o from to. e
heigh| Discharge | Difer- | Guge [ o Snce | nanh | Discharge | Differ hert [ Discharge | 205" | hengs, | Discharge | Difier heighe | Discharge | Dife hesie | Discharge | Difler
Feet h o Foet s cf Feet <t i Fees [ Feet s f || Fer <fi || Fer o ch
31 0095000 550 3300 1.106.5.0.0. 65035 120000 700 3700 | 134000 700 [39.0}.143000 800,41 -.165000._&0_0___ 43.00 18].000,_899 i
10 95550_550 10107150 650 | o0 1120700 700 10134700 700 | o ,]49800.300 10165800, go0. | o-181800 800
20[96100__, 550 | 107800650 20 [ 135400 700 | 150600 800 | | 166600 8o | _1826_0.04"8_9_0_“
30 ,9_5§§Q_-.§5Q | o 108450 650 301136100 700 ] ~°}151400 800 | -1-6-14*0-0‘_80_0___ 30| 183400 800.
027200 Jeeh 1w 109100 g5 1368004, | 40| 152200 so0..| “01168200fg00 | 4 1832000 00
5097750 ) 550, 01097505 50 (1375000700 | 0 1230001000 | 501169000/ 500 T 50 185000{ g
60[98300__ 550 | © 110400 650, 0 1138200 700 60 .-].538001 8001 60 | 185800 800
198850 Jeen | (112050, 650 0113890010071 0| 154600 s00.1 7 70 Faason_g_@__
80 .9.9.49.0._-_550“" 801111700 650, 80| 139600 00 ® | 155400 s00.l *F 80| 187400 800
90199950 1550*3 90112350 }650.-- NS 140300 700 ] # 156200, 800 90 %0 | 188200 800
32 00]1005Q0 4 00113000 38 00 42 00 44.00 | 189000
10 J_o_lJ_o_Q_?ﬁg_'_'_‘ 10]113700. ijg _'_'1 189800223 -
20 P-QIZQQW 600 * ”440%700 20 20 20 19'Q6‘0Q-8Q0.-~
102300) ] s[115100 700 30 30 01191400] o 1
40 _].Q_Z..QQQ_AQQQ ] 11580 700, 40 40 40 ]_9_2_2_0_0]_50_0"-
501103500 | gaa | 116500 700, 50|14 50 50 JQQQQQL&QO_--
60 L]_QQJ.QQ. .| « 1].7200 700, 60|14 60| 1778 0 [ 193800 800
201104700 600 | 0 117900 700 70 701178600 701.194600 800
1053001001 s| 118600 700 50 301179400 19540074 ]
2 w0590 T ._11_9__3_09_[7_%__. 01148200 o] 0196200 "
r?'l This table is applicable for open-channel conditions. It is based on discharge measurements made during ...
S .1:._-1'.5___id_e_n.ti_c_a_l_-wit_b_.r.a.t.l'_ng.-J_Q_.a_b_Q_v___and 8o ~well defined berween 5,000 cfs and 150,000 cfs. Comp. by RAG_4,¢12-8-70
Oll _____ P I T e L0000 Ckd. by JWB __dare12-17-70
L U.5. GOVERNMENT PRINTING OFFICE : 1967 OF— 249-765
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GEOLOGICAL SURVEY (WATER RESOURCES DIVISION)
{

Table No.4_6_

Rating table for Millers River at Erving, Mass.. . Begin 7.1.1.00 1
ﬁm-v--O.C.t..].:-.l_g_Z]__ £/ s ﬁgm _________________________ w7 } 7:;7;1 ---------------------- ’ T e o TR
h(i.a'sc' Discharge Ditter- Gage Discharge | Differ- I Gage . I Differ- || Gag ) ———— ’ T ,:,."-T‘T ------------------ - [0-": ------------------------------

ight ence |l heighe 14 ence } height Discharge | ence hc;igbhc( Discharge Ditter- l(:‘-”tgc Discharge Difter- || Gage Disch Dutter- || Gage D

oor 7 " o ence jaeighc ence |l height ischarge | e height Discharge clr:rcecr

/3 Cf Cft Feet Cfi Cfs Feet C R
00 2 107 SN Rl o e | Gk | ke | ch o
A s S B 1.23... 4 00 1.1230... 95 6 00}..3750... 170 000 . 00
B e : 04 ]._39_._ 25 10 -J..B.Z_S___ - 95-;{ 10 »--3.9.2._Q__ --------- ol T I S 7 B -
ol o 155 71 | 1200 7% ) B S N R A0 L
--------- 0 P—"“""-",,ﬁ_o-__q 20 ""]‘4"2’0"‘ _-].O‘O__‘i -20 »--4.0.9.Q.._ 170 1 20 1, 20 T 2 Smmeese-—
R R s0f..185 30 30| 1520 s01.4260 7] S T i Y A [ S— -
) 215 [ T e T 180 Jf  29f---meeeee O S 30
A o ] AC ol 35 40 ---]..6..29.--. 40| 4440 wl 17T wl T -
__________________________ A0 feee L T R
S 01280 gg } 017201 00| 0] 4620 Y S N e N -
60l 1 290 T - e A80.) O R SO ]
B R 40 60 —-]--8-.2-0.... 110 .60 ,__4.8__0_0____ 0 o I -
0] | pestee- SR LY A A A R e Ot SO L]

B A 701330, 45 | 7 _-J.9.3.0.--1 ________ | L) S— 0 ol T S -
e 801 3 -Z§ 50 | -80 _-.Z..QQ_(_)_-., 120 sl 1 ol T b ey IR S— =
S0l ] ool 425 777 ol 2160 |7 T [ R S B e N B e I -

I e Ml 55, 1 Rl 120] 90 freeree| | T — 90 . N
e 301480, co 1500 2280 [ 50 1700l ol T ol |« .
RUY SRR DR Y R 540 TR e emeeeee s T | S 4 T
N 1 10 65 I 12410 L1300 O [ S A0 L . N )
R bt o] 20 605... 65 20| .2040._. 140 20} ol TSSO e e -
0L 670 ''''''' 2680 -------------- T ] B B
i e T Sl seaiienn I 701 O-SREed 140 30 oo 30 oo sl T N -
40 “29 ''''' 6.5 40t 740 75 40 _28.20 -,50 ] 40 A wl 7T 4 I I =
6.0 Opttee 75 | 150 4O pemeeeeees L S RN ] Y
sob 385 g o1 el 815 ] 2070 ol 7T N T e I — i
.4 Eceatet I SR FOUUNURUNE I St SN '__1 BERSAE Sl LE TS [RAL SO SO .
op- 11 |« 890 |80 s |.3120_| 150 1‘ ol ol T 1 "  E— -
. _---5-5- ....................... A s B ey S e 60 ]
" 114 0 O 0., 85 | ..3270 '|60:|T RLY S 0 S Wl -
s ... 09 16.5 ® L..1055. . 80.3430._. sl 777 [ R - -
1Y) WL 85.5] .. - 1140 N IS S B L g I BOL o] 80l .
; M R .2].‘_- S S I 9 _Q___ 90 "'3"5"9"0"' __16_0__1 S S N J 90 . ool | 7] el |77 -
_'{ This tab}e is 3PP“C3,~)IC for 0pcn-channe] conditi LIt b 4 9 . T raralonos e L e =
m "]9_7_9_(_3_(_)_3_)“,_!9_7__2_!_:_3:!_3_:;3_]-6-)‘_’_]_933-65;57) tis :r: i:ﬂ —Z____discharge m;a;urements made durlng1_9..6.3.(.2_.4:8.).3.]_9.6.2.(.2..8..7_).:] 969 ( 298) s
""" =S e well defined D ... ... g Comp. byRAG._ dace 12-20~72
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\ GEOLOGICAL SURVEY (WATER RESOURCES DIVISION) -=l -EE%
Table No. 2 Q.
Rating table for ... Millers River. at South Royalston, Mass. ... Bgin 1203 18 __
from May 18, 197240 . ... s from 20 oo s from.__ B
hc::;( Discharge Delrt\‘t;eer h(e;nagghez Discharge [2':;:‘ hce;nagghe( Discharge E‘nﬂ;‘: h(‘;"agg;( Discharge '2’;?: h(e,:]gg;t Discharge De‘::?: h(if:}:( Discharge [2":?; h(c;i?f:t Discharge Dc:f::
Feer Cfi Cfi Feet Cfi Cfs Feet Cfs Cfs Feet Cfs Cfs Feet Cfs cfe Feet Cfs Cfs Feet Cfs Cfs
00 L oo 4 0. 65 15 16 00l ....930. 80 0 fornnene| ) 00 L. 1 e I )
0| ] a0]....80 18 w0 1Q10. a0 L RN SR A0 ] RT3 I
200 . J 1. 20 [ 9.... 21 20| _.1090.| 80 20 |, 20 20 ] 20 |,
30 -1 ol 1120 24 | 0 ‘_._1_1_.7_0__ 90| R | L —— W ] — | i
AOpremomeenny . 40 .--_].4.3 ........ ZZ 40 L..]ZG.O __________ B e J B B J B e B e _
R .50 "'"17'0'"1--.3.0-- sol..1350.] 9Q s I s | e S i
K- SO .60 ..--.2.0.0_-.- 33 .60 ._--.1.44.0.-. 1.0.0.. N N S 60 .60 e emcemeeee
L S 7 70 23335 701540 100 g w—— e e e )
e s0)..269. . 38| 16404 LT R e 03 OO o SIS L) L -
R 1 ] sl 307 40 | ”1750110,~ L e e R e N e )
S —— 5 o 3'47L42 7 o r.....|.86.0..,-1-2.0"~ e e L ) . i
s ] 10 Z’ig ....... 46 | 1 _--]..9.8.0..,_120"“ R e L S— ] R ! . s
o S— | ] S iy 50 | 2 0..2100.. BRI [ad Se— 20| o 1 20 - ] — )
Sl e I .30 ;.-.4.8..5 ....... 5 5_" .30 L.---2.2.3.0.>.-]-3-0-M S A I Rl e N R e . R s N .
Aol ] 40}..540 55 40|...2360.] 140 T SR 7Y S T R 40
""""" 595 [T 2500 [ YT
30 r.2].6 s0)..923_ 60| op-400 1140. L | ] I | [ S— )
ol 21 7.0 @05 fo | w0l 2640 ] ) — 1] SR LY LY I
......... -- ool - ceceaeaad] [P beceooenad eeemeead R,
20l 34 ] 9 w0} 120, . 65 20 Lo T0 e R LY SRR R N 0L ]
o - A43 10 80|..784.._. 70 I s I 800 . 80| . r 80| ] 80| ..
‘; s0l.53 ] 12 s0]..8595. N I - ] | L] S— L] S— KLY R— 0L e ]
S— e feteen | e L b T Tl T -
m This table is applicable for open-channe! conditions. It is based on 6 discharge measutements made during ]_9.2_]._(3_0.7..).4.. ............. -
n-.-.-. ].9.7.2(.3]2-3]5)’]973(3]6) ..................... ~andis ... ~well defined SUNNNRAN ... ... . L U | Comp. by RAG _ dacd 2-18-72
- --._-.I.t._J'__s_--l'.dgn.iqi.c_gJ.-_w.i.th-.r.a.ting-.la..b_elnw-.4_‘Q-_ftA--a.ad-aboye.-5,.6_-_f_t4_-and-_with..mt.ing-_lz-_at-s*ﬁ-_ft. Ckd. by ABD. ._date 1.29-73
()V) .




\

GEOLOGICAL SURVEY {WATER RESOURCES DIVISION)

: East B Begin / 1 1001
Rating table for -2~ Branch Tully River near Athol, Mass. .. L
Sfrom Oct 1, 1971 to from PO oo yfrom . N

! { i e 1 5 : ax iffer- sage . 1 32 . 1
hevane| Discharge | DI | D98¢ | Discharge | Difer || Came | Discharge | Difer hesmhe | Discharge | et | Bose | Dischacge | DiTer | O38¢ | Discharge | Difc hesge | Discharge | Goter

Feet cfr cf Feet cfs Cfs Feer Cfs Cfs Feet Cf Cfs Feet Cfs Cfs Feet Cfs Cfs Feet Cfs Cfs
2 305 v S 00 L 00 Lo
R | ) S 4 oof..3Uo. .. 40| feeeen ] SE— ] 00| I Bl e )
A0l j 20 . 10)..345 | 42 BT N L — A0 | ] A0l
.................. 1 P — e
20 ... o 20} .oo. - 20 MR L 20 | el 10 B 20 | .. 20 e
) I L2600 0T e 143y Tl S— IO el s U -
s s— o8 30 .F"43‘0"" 45 | O ; L S— S . L S— i
40 L o] 40]..1.02 40l 875 ] 50 R 40 40 A0 o]
........ 4 beeeeamen oLV . e boeoceee- R em————
Y RO ] soldelo] s0..225 . 5O 0 pee | L] S—— | ] Se— L — i
60 L 1] .60 68. _____________ .60 __-.5.2.5..-4_5-5 _____ R e N e s GO |l ] e T _
RLY SR 70 __1_2_-__2__,__[ 70..630__ ] 60 20| R T 70 200
S S 1.20...... 9.5 ®}--890..1¢gq L L SR B0 b 80 ] 80 ]
"""" 29.5 [T 750 |7 T sl R T
et ‘1‘ ............ ..ll;_s.. ety | Eol Gt ] R e | e s N R, 1 _
3 I 1 3 g;l; ........ 14 Sopd ) T O] Op o R e i
A0 ] BTN SR A0 L] A0 oo A0 do L . . A0 L .
T e - 7] -].6_ ------------- J -------- 4 - r ------------------ N -
B e e l 8_ ‘‘‘‘‘ .20 S N .20 [ ..................... N e e T s _
30 f ] 30189 21 30 L] 30 oo 30 foeaaeeenecs T 30 Ll ]
S S——— 10 25 | LI S—— 1 L S—— L | oped [t S— )
R I 1] sol 135 . 29 | s IR S e e e I i
60 L e 60;].6.4’ ...... 32 vl SO B0y e GO [ o S 60l ]
ol | 70 ._1.9..6_ ...... 34 TJ0 b s T0 TO el TON e .70 bemm e e
......... bt R PO R cemmmeaadd e
Y] 230 ,
- 8Oy ] 80 P _3_7_""* BO by ] Bl S N ] 80 [ N s .80 S _
5 ) 1 90267 .. ] — - L L e—— ) L S e )
m
This table is applicable for open-channel conditions. It is based on 14 discharge measurements made duriné 9_7..]._(.5.].3.‘..5.].6_)-3]-22.2.(.5._20"522 ,924-5 27) )1 973(528 a529)
T ls.identical with rating 43 below 3.4nfk. .. - well defined umm—m____ ..  — - Comp. by YDC _dace 3=5-73
e e e Ao oo oo oo e e e eeeeeeeeeeeee oo oo e eeeee oo Ckd. by RAG _4iee4-11-73
........................................... - -— emecmem cr——— R Lk T L T T U.5. GOVERNMENT PRINTING OFFICE : 1967 OF — 249-763




POOL STAGE IN FEET

|
AREA IN 100 ACRES
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— F
a0} 55
ot
I ]
= .1 s

38 1es0
i
+ 0
30 BasZ
’-
il
(v
1 (TS
Z

25 1840

20 835
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15 1 830
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10 825
60 65 70
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i s L E of Bh BIRCH HILL DAM
] - AREA & CAPACITY
o) : g|5 CURVES
0 10 15 20 25 30 35 40 a5 50 3

CAPACITY N 1000 ACRE FEET

NEW ENGLAND DIVISIONWALTHAM, MASS
NOVEMBER 1973
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ELEV. _STAGE

TULLY RESERVOIR
AREA AND CAPACITY

DRAINAGE AREA = 50 SQ. MI.

AREA CAPACITY

. MSL ~ FEET ACRES AC. FT. INCHES
625 0 0 0 0
626 ] 5 5 0
627 2 10 10 0
628 3 17 15 .01
629 4 20 20 .01
630 5 23 25 .01
631 6 32 125 .05
632 7 38 200 .08
633 8 45 225 .08
634 9 55 375 .14
635 10 65 425 .16

Permanent Pool = Ggg
636 11 78 525 .20
637 12 95 650 .24
638 13 112 825 .31
639 14 140 1,025 .39
640 15 210 1,225 .46
641 16 305 1,500 .60
Recreation Pool = 641

641 16 305 0 0
642 17 365 325 .12
643 18 420 700 .26
644 19 465 1,100 .41
645 20 505 1,525 .57
646 21 545 1,975 .74
647 22 580 2,525 .95

ELEV. STAGE  AREA CAPACITY
MSL  FEET ACRES  AC. FT. INCHES
648 23 615 3,075 1.16
649 24 %50 3,625 1.36
650 25 685 4,225 1.59
651 26 710 4,875 1.83
652 27 745 5,550 2.09
653 28 775 6,325 2.38
654 29 800 7,125 2.68
655 30 825 7,350 2.99
656 31 855 8,775 3.30
657 32 880 9,600 3.61
658 33 905 10,450 3.93
659 34 930 11,300 4.25
660 35 955 12,250 4.61
661 36 980 13,225 4.97
662 37 1,005 14,150 5.32
663 38 1,025 15,225 5.78
664 39 1,050 16,225 6.10
665 40 1,075 17,250 6.49
666 41 1,095 18,425 6.93
667 42 1,115 19,525 7.34
668 43 1,140 20,525 7.72

Crest Elevation = 668
669 44 1,160 21,525 8.09
670 45 1,185 22,525 8.47
671 46 1,205 23,525 8.85
672 47 1,225 24,525 9.22
673 48 1,245 25,525 9.60
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NED FORM 4, RESERVOIR REGULAT ION
15 Nov. 1851 COMPUTATION OF INFLOW
Flood of APTil 1960
Reservoir __Jully By _ Date _4/11/60
CHANGE IN FLOW TOTAL
TIME RES. RES. STAGE |into/from INFLOW REMARK 8
April | STAGE "':;_t per A%E SIORAGE | OUTFLOW | (5) # (6)
1960 Feet served jus;,ed c.f.s. c.f.8. c.f.s.
{1 (3 3) 4) (5) (6) (1) _(8)
| 1/0000 9.8 380 R _
1.5 .25 200 578 Mj o _ ,q
0600 11.3 K74 T R
1.5 .25 300 e87 e
1200 12.8 400
4 |.23 420 120 _ ]
1800 14.2 200 I
1.4 .23 600 800 _
2/0000 15.6 200
1.2 .20 740 1 940 | B .
0600 16.8 200 —
1.1 |.18 | 800 . Jwos o]
1200 17.9 | | . 210 N
0.8 .13 660 | _ 1 875 ]
1800 18.7 [ B 220  }
0.7 | .12 | 660 ] 882
3/0000 19.4 225
0.5 .08 460 687
0600 19.9 230
0.1 (.02 120 350
1200 20.0 230
Q.1 _].02 120 350
1800 20.1 230
0.5 .08 490 820
4/0000 20.6 230
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STANDARD OPERATING PROCEDURE (SOP)
FLOOD CONTROL REGULATION
BIRCH HILL DAM AND TULLY LAKE
STORM RAINFALL BIRCH — RIVER INDEX STATIONS S CATIAN
(WITHIN 24-HR. PERIOD) HILL TuLLY (STAGE IN FEET) REGULATION
ANTECEDENT CONDITIONS | DAM LAKE MILLERS RIVER CoNNECTIGUT | /NS TRUCTIONS
PHASE — AT RIVER DUTIES DURING EACH PHASE
SNOW-COVRD DRY POOL POOL AT GATE SETTINGS
WETORFRO-| orounD STAGE STAGE ATHOL TORANGE] ERVING MONTAGUE] SPRING- [BIRCH HILL] TULLY
ZEN GROUND FEET FEET sl | stviuiee CITY | FELD DAM LAKE
R — —_— 1 {280 SQ. ML)l (316 SQ. MLII(375 SQ. M1 IKT. 865 SO ML)
I - APPRAISAL . FLOOD CONTROL DAM OPERATOR
SUMMER SUMMER | - om ST PHASE I
FIRST ALERT to" 1.o" S{RISING} iarmiaiany 101,500 c.f.s) 50,800 c.t.5.) NORMAL & ari L sar aan ToancesTT DATMEA: S ANR CTAAC PATA TA ALr
L v {nonvy) 12({RI101IVY) 1. LULLELY ANU TKANDMI | KAIRFALL ANU OTALL UAIA 1V RLL
1.0 (RISING) - — - eETTINA 2. OPERATE ACCORDING TO INSTRUCTIONS FROM RCC.
: ) . WINTER WINTER | 000 SETTING
SECOND ALERT 1.5 2.0 6(RISING) | IS(RISING) | 00 NSTES b PHASE II
(Or As Instructed)  |As Instructed |As Instructed 2. ROTE ACL ONUSUAL CONDITIONS. AT DAM, DOWNSTREAM
v L LI | e v i T s i e
- Mi - .
INITIAL” REGULATION|  2.0" 3.0 As Instructed |As Instructegf2200ctl NON-GROWING| ——— SZ%EDESOT Sgué-é’ez"’r NIMUM 3-HOUR INT DIRECTE
-GROWING 28
(Or As Instructed) L?.D(Z%Oc.ls.) msgsu‘r‘:?rso 1,250 cfs.|] 350 c.ts. PHASE 1L
" SEASON | SEasow 2 ﬁ?’é&iﬂgfrEﬁAiéuﬁéfaEWcﬂAums AND POTENTIAL
II- CONTINUATION .0" . | p
3.0 4.0 As Instructed |As Instructed 303 s 65 NON-CLONMNGINON- GEoWING RESTRICT OUTFLOW | jAwage AREAS.
OF REGULATION (Or As Instructed) o ds o 35 TO MINIMUM RELEASES| 3. REPORT TO RCC FOR FURTHER INSTRUCTIONS.
INSTRUCTED { INSTRUCTED
IO - EMPTYING STORM THE SAFE DOWNSTREAM CHANNEL CAPACITY FOR BIRCH HILL NON-GROWING ‘ PROJECT REGULATOR
SEASON IS 2,800 C.FS., TULLY 800 C.FS.. G
THE RESERVOIRS HAS ABATED LLY 8OO CFS.. GROWING SEASON PHASE 1

BIRCH HILL 2,000+ CFS., TULLY 650 CFS.

Th. compILE paTA.

EMERGENCY OPERATING PROCEQURE (EOP)
(During Communication Failure with RCC)
Gate operative for any of the following conditions:

Partial Closure Complete Closure
Birch Hill B IS L L i 07070 01"

Tully 0'-1 0'-0.1'

Nongrowing Growing Nongrowing Growing

Precipitation
Wet Ground 1.8" 1.5" 2.0" 2.0"
Ory Ground 2.0" 2.0" 3.0" 3.0"
Main St. Athol 2.0’ 1.9 3.0 2.0’
Montague City 26' 25" 28' 28'

Refer to paragraph 33.

NOTES:
T. Emptying the reservoirs shall not be initiated until contact has been established with RCC.

2.

The rate of increase in reservoir discharge from Birch Hill Dam shall not exceed 500 cfs/hour up to 2,000 cfs and 200

cfs/hg;g o\frer 2,000 cfs. The rate of increase from Tully Lake shall not exceed 200 cfs/hour up to 600 cfs and 50 cfs/hour
over cfs.

3.
4.
5.
6.
*7.

Maximum rate of reservoir drawdown should not exceed: Birch Hill - 5 feet/24 hours Tully - 5 feet/24 hours
Refer to paragraph 30e for snowmelt regulation.

Refer to paragraph 12c for ice jam flooding.

Refer to paragraph 30h for rising pool road closures.

Refer to Phase 111, paragraph 30d for operation instructions with regard to Main Street Athol stages.

If spillway discharge is anticipated, refer to paragraph 30f on gate release schedule above spillway crest elevations.

2. PLAN AND COORDINATE NEXT TRANSMISSION TO DAM

OPERATORS .
3. RESTRICT OUTFLOW TO MAINTAIN SAFE DOWNSTREAM

CHANNEL CAPACITIES.
4. INFORM CONNECTICUT RIVER BASIN REGULATOR OF ACTIONS

PHASE 1T
1. CONTINUE REGULATION INSTRUCTIONS TQ DAM OPERATORS.
2. CONSULT WITH BASIN REGULATOR TO ANALYZE SEVERITY

OF FLOOD.
3. COORDINATE REGULATION WITH CONNECTICUT RIVER BASIN

REGULATOR,

PHASE I

1. COLLECT DATA FROM DAM OPERATORS.

2. CHECK GUIDE CURVES FOR ALLOWABLE RELEASES.

3. CONSULT WITH CONNECTICUT RIVER BASIN REGULATOR.
4. TRANSMIT INSTRUCTIONS TO DAM OPERATORS.
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[ ™ e o S | & U.S.G.S. RECORDING STREAM GAGING STATION
SCALE IN MILES &  TELEMARK

o STAFF GAGE

AVERAGE PEAK TRAVEL TIMES

BIRCH HILL DAM TO ATHOL - 4-Shrs

TULLY LAKE TO ATHOL — 2-3hrs

ATHOL TO ORANGE — 2-3hrs

ORANGE TO MOUTH OF MILLERS RIVER — 6 hrs.
MOUTH OF MILLERS RIVER TO MONTAGUE CITY —

2 hrs.

PLATE

F-48
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.. AS NECESSARY. | -
S 1 |
| HE 4 {
AR . | vas |
STERREEE R B |
NORMAL MAXIMUM STAGE = 3.3 F s | |
i ‘ t : ‘ -t '
3 _}1__3_;_“.:_-_ N l e O R __._
SREEREEE B SR
‘_ l ‘ . . o i a 4
Ll ' Sy ‘ 1
u AR T e
2 | . N - S
z IESREERRNN I ; '-
BESN - :
o S i gE i
= RENERE ¥ %
(7] } ._L.._. - - - N ____.+ SR DR j
ol STAGE =|EL.506.45 FT,M.S.|...
DRAINAGE AREA'= 2180.50; M.
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0 I 2 3 4 5
NOTES FLOW IN 1,000 C.F.S.
MORTON MEADOWS HOUSING DEVELOPMENT
CONTROLS MAXIMUM STAGES. CONNECTICUT RIVER FLOOD CONTROL

CONTACT RESIDENTS WHEN RESERVOIR
RELEASES WILL RESULT IN STAGE AT OR MAIN STREET BRIDGE

ABOVE 3.0 FT.
WATER IN STREET AT STAGE OF ABOUT AT ATHOL, MASS.

33 FT. RATING CURVE

WATER REACHES FLOOR JOISTS AND
UTILITIES AT ABOUT 3.8 FT.

NEW ENGLAND DIVISION,WALTHAM MASS,
APRIL 1974
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MORTON MEADOWS
HOUSING DEVELOPMENT

ATHOL,MASS.

1,500 FEET DOWNSTREAM
MAIN STREET GAGE VIEW
LOOKING UP STREAM

STAGE=2.8'

LAKE ROHUNTA DAM
ATHOL,MASS.

TYPE- EARTH FILL
LENGTH-630¢
HEIGHT~23't

SPILLWAY LENGTH-40'
FLASHBOARDS-8(4'x5.5")

DRAINAGE AREA-20.3SQ.MI

PLATE F-50
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PLATE F-52
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POOL STAGE IN FEET

TWO 3'-6" WIDE x 6'-0"HIGH GATES

6'-0" D. TUNNEL
SUMMER POOL -
WINTER POOL -

STAGE 16 FT.
STAGE 10 TO 12 FT.
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300 400 500 600 a
DISCHARGE IN C.F S.
NOTES CONNECTICUT RIVFER 00D CONTROL

TULLY LAKE

OUTLET RATING CURVE

FOR ONE GATE

NEWENGLAND DIVISION, WAL THAM MASS
APRIL 1974




STAGE IN FEET

: ,
CREST ELEVATION A1! 668 FT. M;.L. s L
l ] . 1 665
s ‘ 660
mr
- 655
|
%
P
650
[V
Z
4
o
645 £
g
w
'KSUWER POOL w
ReS STWooS
- 640
INTER
— 635
TWO-3.5'» 8.0 GATES
— 630
‘ 6 8 10
= |
W CONNECTICUT RIVER FLOOD CONTROL
5 4 TULLY LAKE
OUTLET RATING CURVE
DISCHARGE IN 100 CFS FOR TWO GATES FULLY OPEN
NEW ENGLAND DIVISION, WALTHAM, MASS.
APRIL 1974 1
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RESERVOIR ELEVATION IN FEET ABOVE MEAM SEA LEVEL

86 ASEssssssssssssmans
TOP OF DA EL.864.04
862
860
858
856
854
T
SPILLWAY GCREST EL.8520f
852 LTI I Tt T I tIT Il
0 20 60 80 100 120

NOTE: Weir No.l---- 720’
No.2---- 350’

No.3---- 23

Total Length 1,093'

DISCHARGE IN THOUSAND C.F.S.

CONNECTICUT RIVER FLOOD CONTROL

BIRCH HILL DAM
SPILLWAY RATING CURVE

NEW ENGLAND DIVISION BOSTON MASS

AUGUST 1949

—— e /72U LeET )

a7y

PLATE F-55
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670 | CONNECTIGUT RIVER FLOOD GONTROL
SPILLWAY CREST EL. 668.0 o TULLY DAM
/ oo SPILLWAY RATING CURVE
668 ' 2 i NEW ENGLAND DIVISION 808TON,MASS |
(0] 4 8 12 16 20 24 ’
DISCHARGE IN THOUSAND C.F.S. AUGUST 1949



VIEW OF BIRCH HiLL DAM

PLATE F- 57
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VIEW OF TULLY
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WAR DEPARTMENT

CORPS OF ENGINEERS. U S ARMY

- L Uper g tch
- Oare strucrure for dertcirs
see Sheet No 4

FILTER "BEDS FOR
WINCHENDON
SEWAGE D1SPOSAL ~

NERAL PLAN

SCALE 1" = 100’

RECORD |
DRAWINCS

Selfit /

Sto.

CONNECTICUT ~ RIVER  FLOOD  CONTROL
BIRCH HILL RESERVOIR
PROTECTION OF FILTER BEDS

PLAN AND PROFILE
MILLERS RIVER MASSACHUSETTS

ELEV IN FT ABOVE MSL.

] T

IN 4 SMEETS sch.& 1IN.= 100 FT. SHEET NO. 2
00 00 200

U.S. ENGINEER OFFICE, PROVIDENCE, R.I. JAN. 1941

MR s Rva RGSadts 7 3

E b — Al oA
id R v T R LIl L]

OL8IGNED ORAwN <3~

. - TRACED wn»
Frosent | G pwe FIL" NG CT-4-2775

HOR. 1°+ 100’ ]

SCALE  veat i"v20° o - 11
I nk red BFC .Cat .5

gy | oare ATVISION | Insiestes by A ' Cv. BYDK Y| Al 8y
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09-4 3Lvid

CHASE TURBINE COMPANY DAM
ORANGE ,MASSACHUSETTS

TYPE - CONCRETE
LENGTH DAM-175'X
SPILLWAY LENGTH-80'%

FLASHBOARDS-9(4'x 8"}
DRAINAGE AREA- 316 SQ.MI.



